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9 j4±l\ JJui 

lo tII 

1 5 JjlLxjJI jjjJ 
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59 La.^JjjJI <ilSc 

3 J-uaill 

111 <J ujIaJI <Jj£. 

145 jfilll 



5 Ja^ill 
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7 J-aiJI 
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<JLuj 



(Jj Jo-a a <-coojjj-o jkuli <jAYI ( _ J Jc ^llftjVlj <jjLojl*-aJI j <i_^Ji_aJLj |> < n"_i j i «-<r J 
<«^aJL*J c_fi jl_»_JI ...V u I j. J| <L jjl Ifx] {J ^£. <AA.ji]| Jl p. j&J> jT J-ilj 

t4 n-s^LlI (jU 4 in iii^aJI jJ-ojJJ .5 Jj ) ui'i a I I <Lua^jJI oljjl 

j^jjjJI ^Ja jj| ^ 4_ij_*_aJI jl i j «U n Ti II C)L£jj»_e (j-a MfcLs L5>j-=^-o I (j I ■» ^ J 

^-8 t<t n"\-\ in 4-UjJlJI j in 'ill jjJj 4 I tl 5'i II pi in ni^.a.11 <Lo^_pj La U 1 1 ijp n a, 

<jj_^»JI JjjJI <Lo^.jjj La i_al « iAt j»JL«JI 

La J lAtLi <Jl»jaJI 4 tVCnll *I_>jI i-ft.tfl » <((j»^»._)J)) g-aLj__^j <* 'j-ajl C>2 1 1— »1 

( _ r lr. J-aj»Jlj <«lijjjdl (jJI I (j IV> jj£ «|x jltj k_SjL*_ci ^ ^ nJI a II «_aii 
oLiJ Jl <^j-«JI oLclajVI 4-a^.^H (3f>^ 6^ <-°^L] ^ jl ua ,11 <La.jJI jLfiil 

.jJUJI 

(j-a ujll^ <_Lfi <La^_>lJ j^LLI g-aLi_>jJI lifJ JjVI jj ml II ^_aj 

i^Q JiU. 4±>j>*A\ <AjJI Jl i^UJI oUUI 



jj-oLlj-iJI Cx^- 1 lj' {*J>"'^ n Jl J-ilj (j-> >> n -> o 4 i n "' J-a J_oLjj 

<o>jUJI Uj^"" (jj 4-JlalJI Lui_uijjJ1 <JLu jj LiaC I U mVl >L—VI 

<<LjjA-a.ll j ■"*« Jj-ljio ^y£. ""'I i \ -v " II d j -^1 j_aj d J I* ... /» Jj- I jj jJ=u> J jl il J^-a 

jj ...^ ^Llj ^1 isLual <<u5.x&a. CjLcIjjI (jJI jjJLj iJ&UJI jKiVI <jLcjj 

.c»ljLAaJI j i_>jA_iiJI (jjj jlj^JI 

£^U&2 Ciaj <J j-lAaxJI (_£j^.VI ^oIjjJIj «^-a.jJ» ^-oLjjj jjc CiLajJ jLa JI (j-a Jaj-oil 

.www.mbrfoundation.ae :< .^Jl ^Ji^a SjLj <j£aj <<L«U£iJI 



M - ■ -nr n 1 1 "iii 1 n pr nr th i m n w iTWiium Mfiii wi mF Tf i iiii - w r iin i n i n -n w iin »m«ii r n rm Tiwni-Tiii-n-' nr nm ti- -t imrir -r--y\m — mrm ^.%m^-M 

j SjbaJLaJ <L±jjJlJI CjljLaVI <J jj o*^J ^ j"'*'* a Jl j Jjj J n-> n ^ tj <»1 

JjV Aq . nj mtj Jft mil !_1->I i^i (jltl Jj9j <(_jJJ ft L>jj^ D 1 ^? * ft C^Aj 

jjJjVI _ Cn-nll J^JI ^y-oJLatJI 4gjl ualSVI (_£jilaJI jkLal <CLaK ^ <6j-e 
<a (j^> (jjj^ f^Aj flolAL <-^u-uuJ-aJI al* ^^'j .2007 jjLj/jU 
• (jVjJ CiljLia 10) j»JkjJ jLia 37 ftjji I4J ( joj ^Vn jkU dSj 

^J| <| g 1,1 .iij^a I4J jljl La£ <^jj£a Jl J-£l j (jj iUxo 4 mk iijx ^1 i iu j 
J.Atjti I () j3 j iijAAll JMial (>> '^^Jl (jiajJI ^ £jL2JI JL*».VI (jjl^ I 

(j-o a.U* ,<in «Lo|jj ■ no Jjia. jl£ijlj << tj nTil l CjIj <->."i 4^.1 j-J (j^-a-o <A.J I 

I 



1 J) I u 1 



tli i II Lfcxj j *l k_sUaJLjl ikJLjJ Lala-o jj L II c Jj-aj S j_> L lie, £-J-u=>l j^ j ^ j 

^ <jl£ £ 1U » (jjk j _ iLJjJI tjA^Ji La,\"h a <Ijj^. LaLsJII ^.nJ» II 

jj-ls-l in" ) |> (j < i nlj^ (j"^ C* - ? - ^ aJb IL» j t~> > jlj <LSjLs-o ^j-Lc j 1-i '| i < Ci^ ^Jl cil j 
i-a£U^JI j ^iiJI <Ja J j-> fJLadl ? « j ; U ^s^jlIJ 5ijUJ| jl -> o II <llLsuS <j£. 
<dlj j^j La II j>JjJI jLuirf (ji jljjkufa nil j»^-jl jla-iw ^ jl I J ui nj I J <4jjJijJI 

j> j f <_jj "i II I o or j" V (j-j-11 j-jj h \ II g_a_aJl (jj-»Ai_>j IjjLua 

djjj^a. | ill ~>"i I j,.\if, jii (iiikljJI ja^j^Loljj <L^]&jJI fl"l Mft-^" {jC 

j^j . <jj^Lc io j-c < -*> "i II o i (_^jJI ^jjjj -v " II ^ o *i II j <S^S _>^1 

Laljj .<jJLaJI <Ua1» II I TijjLx-a SjjL jjJjJLc, ^\ isfj < n Tm II 4> j_A 

«L^a.jJjj-JI !j_it j-u^Lill (j>Lll j^j-? cr* l-fre-* U^ej^ 3 * " » ■ I I 

j mi tiji II SjUtV lj>\ ft Lg_j^^ J j o jx. 1 i ^> jJ j > i II O-i-Sjj (jl J *■ a j ■ ■ j 

.(j;<J Mil 11^ J Mlf . ^ llll'll ^j-Aj^l |J^-a> ■ 

LgjV < jjl JUJ <J>«>!I ^-o)" CJLsuS Jla oj ^jl ">< II Ioa (jLs .1 jl .^"-vl j 
£j-uaVI (jj^ (1)L? 1^* •C?jl- c "J-ll f k ^'-' (jj-i jj-* "t-SjjLaJI J" jl .".pi U" ,,,1 



* * * & * 

LiMA. 'IjjLc Uij-a. ^ 1^1 ^» mi II jjji.^JI (j^J j-^j .1 <lj_* yLa /<i ~l j a" 
lj_Aj < jKiVI jtjjlj 1^ Ijji-J (jl^ 4 ><l <ii^*_<JI >_sl m<" ml ^ ijL^kJI 

(£J-a.J ^jl .uijJ II ^ n I « II ^ 0 *i I I lj-oj <Li_uojJ al ') 'l J J 5 » n I I jj-a Jj ^ j 

iliLaJI fcl>aJ ml < ulAjJJ Sjjj a <jJL*_L> i a ualj ^jJI (j >H Id^J pi n mi. II 

!jS i<lc jjJlj ^jJI _ ^uojjJI «L i ii.jl *i n ,j-o p I ■» II j-i-a_i (_£ Ulj i^JLaJL 4 5 I » " n H 
^1 J^kjJI -<JJ->"H <Ip£ >» (^-4 - SOJ-LJI «UjlVill 4 n<l nil <GLj /ijlj '.II 

* *- -t , . J 4 

J-LS-i fiSjJ I (j i Q -> " II n \ ]ojj-lu n i«-i <_l-8 CjI t-i">^Lo ftlj^lj t|\ II x S\ 

i aa II (JjlS (j-o (j^JLi-alJIj (jj-ajli! jLi^aj^l dlJj <| J 1 A II 
iLo <Jl mo <jjJlj4aJI j_uoli*JI J^>tJ ' jpj mjlJI <ji il iAj! < j)j L lie. ^IjI 

» i Z ✓ s , „ 

jkikUl ^ S\ A< II Jul II ^t^* (jJLlI jkjj-i-ll jj-c. ftjLiil ,j-s jJaiJI 

jJoLi j ^liiaJI teleSCOpe <jlji? ^iaj LaOlt Jj«j LJla LaLoj tjjjjjLaJI 

j -j ^ n in > ^jJIj I-Aj^j ^jJI <jjjull 1 t't l ^ ~» 'i J^j -C)ljl o mi l 

^ If ^ j ~> . \" <]r\ \ I ([ *t a VjJ jliLklj <Jj^.^JI (J-a L^Jj^J J^Lk I j JJ I I jj 

IdA .iJU. j_»l-" j Ut'< Jj^. j^a. jLij pendulum (Vj^Ij) LujI jjj 'JjLo j~ m,a 

^yC, *j ■ ■■ ' P «_; t-j^. .4? II I (j 18 ^ j^yjJI ^^j-L^jill 4j nil mVI SjJiliall JjJtll 

.^llJI ^ S^Aj^JIj ^iijJkJI ^ SjJjill (jjJJ dLaLLlli .^.ai l JI gfl'inll 

j> 0 a I I Jj) ^»4-i -Ij-A ^j-i i- i* 'A J^-jf 4j| j A< i I I (jC tU m <UI Lj 

».> S" II <_ijjJI j-) c (J^j :4 a * S a II i «-» i Jj j a II (3-° g "> i j ^ j -> i <i II 
(j1 j>-4j -pl^fJI (j-i S_34-S-J' ^L^jjl i_ ij '< iJ^^JI 

(j! I'm If j jt (j a II (j*, J^Jj VI >A yl I j J_tH 4_tul jJ <jJLi 4_il^iJ ^LalaJI i 

9 3 * 9 ' 0 

Uai o Jj5jJ -Vl-a. <-j-aijj J V <^_t-> i^-ill <JLi jji ^j-fi (^IjjX.VI I j-4 ^1 jiajj 

l£L\ <|JUJI LjjfcLalJ ^jIj 2x^-° j-* * jj'si'll ^1 <lj-<iu jH^j^J <»Laixll 
ujj^je f-nl -<i*iaJI j^jLJ UPj^ ^^=> 4X^3^ ^^4^ f-fj-° 



<1i^jj jvl; <<Lil> (^jJt O-?-^ ij-c- J j «-"-> o^^j « ^-11*11 j^jj-aJI j iS* - *!! 

pLi^jj f>-fi (jl (jjXJLa (j-Lct-J oj )~>J "■>_' a_AjjisjL»_a Lai .(^oL^JI 

^ <L»j jj jj j ^ *. <t> ? . ... j_JL £5 n"\\\ g iA V vibration jljiAVI 

'-'-'?JJ .1 (j Sj lt">l I *t o j 8 i_i J^J nOteS 4 J j m j-ajl C)\ ni\ I I ,j-£i <£. j)n-\ n 
jAjj ^jJ^ '-' ' ■■■ j_jJ[ Jl a" VI jxj "' J-°-ll <Loj-jJ1 ^-A La ^1 Vjl I'ljlr jjjJUJ 

_ UjJLc tiilj jj « ii j (jJ Lojjj _ (Sj-iLjj a j^xVl I j < «•> ■ ■» i j <4 a H"i » oLaJLJI 

£ jjj ^Jl 1 1 a ,|| ^JJaljj .CiLailll (j^> <-JI " o I (^-iillj mill! jjVI ^ Q 5 <J jLa-a 

1j i^aJI liA ^1 ^UiiVI ^jJj '(^L^l i-flJtfJI JLail 6jJ <f^l ^ JLa£JI 

' „„ * * * 

I Til i-yjj <jt II 1 Jl a (j a I Lxjjl 1 in pLa.Lt II tjjjl pIjjuij 'ljL12k LuijjXe <jj J 

■i 

<jj_»jLliJ) j ^LLlu^UJI Lbj ^jlJI ^jjLVI 4 n J h * II <Jj_luVI ^jn^ f (j iij <<Ui 

<JLui* oj-A (jLi <idlj I j£jJj aJ a.1 jVI -s n <jlSIj Oj^iUI iLaicj (pLajVIj 

.dJj ^jC r-^-^ J ^yjJI SjjUJI » a l»Jft-% i-ijAJ .AJ^ jjltf jn^Un 



Sjj* Sj^i I <jl uiliVI J_ujIj I laj mi La j^,in h ■» II Sj^aJL ^j^l Lil 

Ljj iS> *| f I ua Jj ' a j ' II jjjs <L*_uilj <x. j n n L^J ^ i in 1 1 ._) n 'ti"i"j 

^^liU <<illa-a Ijlifil o>aiiii jl Of>^-^ *Laj <J^ ^ V latj (LuUljl (jj^ J 

jbj-uJI vj^illl J-ilill ,CjI Q j * t~~ 11 Jjjj jKiVI (jit Oj^j oil 

u'lujlo <Jjjj1 La iiiLj _ f-jj— ii ^1 (j-o ^1 j 1 5 j «<_ljLiA1JI CiiLa-jJIj 

^aJI jj in a" II ^IjJa jj-fl g-j>Xj II jjjljJLj ^ I < "_i _ jXi'i II j (jLoLlJLj t a * II 
ail computation ^aJI j (IT) oLa j.U_JI <>» SjUVL lllLa. I p -jl «'i 

ft ^UlJI |ijll]l ^^lt Pj^uaJI til in" (jjJI jliiV ajAaJj ^LS 



< JLaJI £_lJ jJI ^jliJI jaLJli: JjIki <jb 'j- 4 •f.^SjJI 1^4-1 JuLluVI ji jj <c/tfLaJI 
jju^LlaJb ^jij^JI ^ixJI ^ 'Freeman Dyson (jj^Jj jLa_ji 

' * a 

tool-driven J^UuoJIj CjI^jVLj ^jia-aJI ^ 1 * II j .concept-driven science 
(^uijlj .jkajiU-JL ^jixo <Ljj2j <Lf jL^ ^ <Li.jjii Lo J^j .science 

i ^jJI <Francis Bacon <j^±t U hj unlji j-a Ijj><) jjj a" II ll^j 

Uj .lucifera ej-iJI cilaLi jliilj .fructifera jUUI ._iiaJ jl&sl ^1 jlliVI 
c^LS I jl L« lu^ Jj^JJ 5 jAJI LI .Ail! <>j .5 j^kVI jLliVI ^ jij 
(> ^ <DNA liJ j** J rnolecular biology 4jjj>?JI La. jjJI 

CjljjVL LaJL <£, jij-o Cul£ Ijl Loj <jI£jWI {y> ^IjJI jl JjVI » ftj ir.ll 

(X* Jj^' jLvaJI CiJ n"tf I jJSj .LvA LajIjjI <_i n. J <jK Ijl Lo j»j> <j-oj 'lP^-^^'j 
I 'i 5 i i U"ij I '■ a fl ° ^ I j n's Lai j ml ^.jj jja.1 i-tl im'i'CI Jj-a.J jxJ-»J <( ^xULaJI 
A ■* j a II I ' a j \j ' J II C?.>^ ^- aj Jl$ *'**"' ' "I uto "ill <j-<Li IjJ A i a>j jj u 1 1 
LgJ in i |»J j ,1 al *> I J «■ Lc ej .All ■ jl£iL jL&jJI i_il^ jl^il £-Lajjl 

. Jjle 



■■■■ iiiai. <Sj jlaJ ilj^VI .*.j-». << irti SpIj3 ^-ai«JI (j^jJlJI < I miJ V 

IjjLJLa il'j* Jj^ <tj-«j Lpcl^S ^4 <e-L^j (^jj^ <<UaJ£. 

^ «* ■« "l~ 4 J II "i" ft Ujl wl <Laj Jjt ^jjjl ^_aj << II 1A1II (J-a 

In > j J Jjl ciijJLaj j ~> "*^b ^L-cut ^jJ| A nlk n Cil i ml ml £y* (j^J* ' J> ' ^ 

Jj mi (jLi <^^xi.VI »1)jJ_luVI ^ ii'il Lilj^ jj ml ml ^yJI <i jJLo pLwiit (j-a 

* #' * . J ^ _ 

jj ^Lj Lpe-lji (j^^-aj M <j-aj <La Aa. [gl\ ( jAl > Lj .nt t JjVLm-a i_jLl^JI 

• - -1 , 

■ ajl mi" 

jja ^Ul ? j II ^JJ JLLIjVI ^ LjJUi.1 ^jx. loj ^1 <jjLUI ? n ;,, II 

Jjt 1 ') \ I r j ( j t I l ILc. ^\ irtV >=>-^ {> (! " J-JJ -> J II lJ -v II I » II S J J n n 4 t 



£ - -i* i> 4 

^Ijkjl (jfJ <x5jlo jai. Jajljj ^1 jJ-Aj <jV <<5!ili i^oJr. Jj^jJJ jjSLi 

jlj-t* J n«" in" ^jl Lo jljj-o d>l 1V1 jlis^U o in tj t j >■» > it-i II 

I (j "ijjjJ ol k ~> M-aJI j^> jLc j . A,-^ n (jx. I < 8 J ■» " \ \ <L4jjJa Jj^ajJI (jl ^_aVI 
I Oj 8 JLLj (fjl j -\ J ^j-lJI _ a I % II ^ CiUk^JJI J » ml j^ia.! jl .^-J^a-jl jlj m 

l (j ja (jitj ^1 <kaJJL ui t<j.oJ«JI fc< iAt ^<JI S*l^3 _ eureka! Iq"u-^j 
ja\ ^jjj <kji jil <<Lal^ 5^ j cilUj-> nil ^•Looil Cortez jjj 

0 o ■ fi o 

I Ti I -s j JiLi. Ij-^jj j« iV) jjtj ^LojjVl Ij-A I fl 'i n Jj»Li<j jl I 'i nj 

(j-o ' J jjjJLi |J it iii I jj ■ Xij jji dj jx <JJj 4 ^ iTl Lij rti j <_r"^ j « "l n ILl 
jl ^ n II _ ^jLojJI J-i-C J -k "ijl a-j i Jl n ^ II djljjjl (j-t-J J ' ml nij <^L»jL»JI 

.jj>aJiU loia oj ^iji ,_pJI _ cjL-uoIj^IIj ^jila.j jrjjt bf^j <spacetime 

*iVi ml ^jl'sj" i_i i<i*i <j| f 4 i «-» j i II £J_>J J t •% n* a I » II . j i" «Mj j » "i a j Sj 1 1 1 n i 
< j *S a* 1 jl j-4 ^ in tJ^JI (_j4"°^ • J '** "^11 (_yjl ni'lVI f^La j JI Sjilj j-lj in i II J-jjll 
(jjj i m"t a^ I » ^ j-o <a j 8 II cLi ^J) I I I 4->JJ-> A^J (^J jl I t j <<la^JI Ajij JliLi. 

.a£J t-4ji JJ jl aJaJI jjiJ (j^J>J V (^1 <<i^JLaJlj jjjjJI d" 



1 JuaiJI 




i_j I U" Lfl-il <J-ij1» Sj-a ^ '' ^ J (.^LiJl i-iU-v ^l (jiij «'i £ Li^^JI 

L»Vjl ' ^-o ^^ii. Jlj i all I j-A 



(j-»jl *> n II <j-o 



.&! i*> II ^7 i ni'i 1 ,'^-ij^JI 



a J 
*'»**■ 



L^ 1 





<(j^isl_>ji (j^-t-t < Loji^^Bmpirical II j ■ mi" 



lUralists «_..un . . \ ^ <i . 
j <dL-iiSU 4_i->U mil j-aUlJI di'w" lajflf. 



lyji (jj*^"*' i ii a (Lls. c-^-ui Jxj^- > u' '*'*'*' L*J I "* J " '**'** 



L^j ,<IaJ| ftL^iVI ityiU ^ i^UJI j»j»jljl tLajill o^je-" ^ 



430-490 <jJI^) Empedocles ^^uKjj^l j,Ls <JHJ J Jt ,„ ^JjLi .Lf'^uU, 

.U^iii frLLt-Jl <QjjLa_o ^j-o jJ^ai Cxi j JaS <jJh^VI ^jjtJ (_g ill (.^- j 

iijXjJI ol-jl jj II Jjl ^j^j" ° ■ (jl^ ftjJl oIjjV ijjl^^-iJI Ljj[ (J i-t 
<<L^o j» ,i II j <Jji)l J^.^ <<iili_a ._) i II i hLj Csf\) s-lj-3b.V) <-LoLii if. jn-y n 

<ij!Lai\ pic j n n II 4>i$J Li j^xu-o jvJLxJI Lot .^jLuiiVlj <(Joj^iJI jj ^dS-uaJlj 

Jjl (J 'C nj V <i1 <_j.ll Jj*J lU-^-A < dn mi l Jjjj LfJ jjn^J <S^jUa jjjLia. V Jj 

(>j .<lp-a ok^ VI L^j 
All jJLi j»J «cjIj-ijlj j! <cA_£Lj[ jl <cjVL£-£I j-xj I, $ \< I <(5>^1 oU. j »-> n 

.CJjLaj «Sl II jj-li. <Ujl>j-^"II CjLS jl-s oil 

<<jjujA. oljLicI Jl^-a|j £jQ <<1juj ^iJ <L»I>5 jjlj S^iiJI Co>^ 
d j_> K jJ ^jJ ^■j^k.j .Compte de Buffon (jjJ j_j jj o-j J-li ^ dJjj 
ct A ll^a. oLi^LS J o^jJIJI ^jJ iGeorge-Louis Leclerc (1788-1707) 
species ^1 j^VI jj-t $j i<-jj inf. oLljj-a. jVI I $ j « no ol »,^>j ^ Ijj-"- 

J oaJI Ijjfc .CjL1jJ>^JI (j^ SLtaJJ <h\ 111 CjLc. jn? nil JJjC j-4 «LLola_aJI 

Histoire naturelle, u^UJIj ^LJI ^jljoUI £-_olill -u'j-^ oM>^ f * ^ N 

-* * ji 

^ J^S*! 1 ^ Ul "" (1749 ^Lt j^-UJL t-u e;jJI) generale et particuliere 

4 », in" (j/i <l g I ( _ f J-ll O j -'-^-'J <G_uJl Cildla-aJI (jjiJ tlh°J •l ^l'> " (j j utn~t 

1—Li.ljJjJlj ^jl "ij ^ 1 1 (<Cl_Sj Ajlj <jjLojj (Jjjl a-U 4 i i i n^ij <jjjJoJJ L^La 

.dUxuVlj 

jJJ <toj »Lkxu! ljLLA3» ^J* iCiil J)!-^ nil iiA JlS C»jl ^j-ll u^J 

^ (j-iJ^Lo 5j ittfc i . il .n">^I ^j's n ) LojjJ (_y-jj)J I fl J)-^'i J 7> "' 'I Q ' . ^ iJjl-4 

tULajj 'JjIj c5^-S jrLli! <J « (J u^Ua v jJa-LuJi Ij-* .^a^l ji J-JJ^a. 

CjJ-a-j Lg_j| j! ^ *i II <OjJb oIjIj 1 1 II Jjl (j^a^^Lal <6jl_«JI Lo^ <<^jli 

<jj^-o <-jjjIi Mijl S^>£i tjjjLoVl jjjji ^ 'i j" aSj . ( 3j j's"i I I <lLoL^ I jM a I" 

^ ■ " j cr ill _ maniot cj j4jjL« 5l a .... JI ixSl jj-xuVI <2-l1JI ^1 LajLL* 
Jj^Ij Jli ^jJI Milomaki j L a II jLoj ^ cu i j _ jJLo iLio L*jjia. 



c«U JJ~t nil <Cia-o ^jjc 4-oj£JI Cuxi jl t<bl in n jLSlcl Ljjji-iJl^ JjlA (_£J-!j -6J ma 
(jl n -L» ioI jLajLi <(jj)l J .<Gl V ml jj_a SjjJI J <4j ijf C?^^ <j-° jsjlajjl j 

,<jio LJj) i/il all j 4i"uiri'i l jLoj J^o o >*> i ^ nail 

J-a. <Lj_4l_lo <Jaj_Luj ULtOjl Ci-oj5 (jLijI <Lajj 

(j-e <jl I jJ-a. j < in II pLjI ) <Gl J-aj .<J| jjll »L*^>jjLuaj La^jj£ 

_^itl (1805-1743) William Paley ^.LJj jjkj <Archdeacon of Carlisle 
1 802 6 & jJI V L£JI cAJ5 jK nil J-yaJ jla. <il «ui d-i V Ho <it 
Natural Theology, or evidence for the existence and attributes Jij \ » ,» 
<t_j_i j jjl ^jJI j <of the deity collected from the appearances of nature 

I (j <m n i«-»~ j jLiilj <<LcLlu sL. j jl\ mni 4 ,i m II ^LujI ^ylc <UuUJI 6jJ(j mil 4"-^ 
.Lfl-fcdj ^Ul jJ6 <qLc1 iii I I £-jL^ ■i^-J d-i" V ^yJl J-ua j>JJ tj-jj n II 

Anaximander of Miletus ^^L^L^ ^ j„ul n_< m<L»1 <j£J .L^lLk j \$ ^n.aS ^ 
La lu jt_J <<jj>*-II <i uJiiJI ,jJ1 ololj „,\ ^.ji ^Ul <(-jk-j 545-610 ,j-ll j-=».) 

S-j nil ill 4 7 (1)-° O-?"^ - "^J-" 3 ^-»J-o^J "t-iJJ-la-J (j-ajlil Lajjx. 4jLiJLaJI 

.7.VI Jji-'l Anaximene nj m'CUj Thales ^^LU * ■! ^111 

jjjaJi <4JLaJt ol4 ^ ( ^*J ^jlll <data (oLiLJI) CiLLa aJI ^jn-v" ^ <( ^JI_i-^ II 

jt .biosphere ^jj^I Uu^JI ^Ul .5^1 ol^KJI LUit 

.Sjljyi (j mi~>j S^jla-aJlj j > i^i II <J ^ n iii i jji i 8 i*t i«~i"ij ^ini" 'J^VI (j-Lt 

5jL=>_i C in mtj I n, U f <j hi r ^j-oLjJI (jj-S-ll > 8 ' n Jj I ~t i ij .^.gJLufLi ^jj U a" -n. ■ 
(j-o ljj*t^ (jjjjJLj ji-fj^AJ (Jjj-aj^Lj (jj^JI tdlJjt ^ "i -> t5aJjjJI i^^LaJI 

^ji^ (4 hi J f \ n m l jt LXJ^J-^J tl i n ILfc (j's in" (j-J-ll uJjlj-i-11 J 4 I -> II CjI IjI^ II 



^ I Lapland cii^LV ■ a LJL» LLj <<LuM« q-J^j <S ^ 

c-a^^l ,(1778-1707) Carl von Linne J±A ^ J_,l£ ^ojj-uJI oLUI <JU 
^ujjLjJ j5j .Linnaeus ^jjliJ M^-i ^Jatl ^jJI 4-<>-luL LijjJ 

^ jj; .1735 jkLt m't a II .Systema naturae «uLi£ ^ <al j n ml ^Ui_i 
Species planetarum ^Li^^^Xe^^ Sj^kLa .'J I ^ o « II olj* ,,.~.ll 
<(1-1 J's All) «uj <A» II ^ f jcj^i\ J ■ ■■! ■■■"II (^jjLlJ jkjS jij .1753 jkLc jjLuaJI 

J n" i7m I £_ujjjJI ^ I jiJ (jlifl j*j-$-ll Lo! (SjjjJI (J-o LiJjJ <t£Lo-oJI Jja. JJ <±t-t -> 

i^ijJIj .class i ' la II j .phylum jLu mil I \ U > a UK jjIj^S J=L«j Lf j£. 
^^a. ci-5jJI dJj j '< »j -^j-i-llj .genus ^- » j .family ^ 1 ; 11 j .order 

■ "■-«-") j 1 1 io t II JiLo <l (j nl -\ al ^j^- '"» " Cili ill <jljI^.L> tiir% oil ljj& J t 

j_i_JI (j-^-li .lj< .superfamily 1 1 j ua < II J>ij .subfamily ( j I _> ,^ 4 II 

HomO J-SL»JI ^LuijVI £jj Jj-o Llit-J » I II (£_>J I n£ <L n< j ") a \ , r. n 

I L ua « " jjJ ^ .Hominidae j; ^ ° II ^ .Homo jnv-^JI ^j-o sapiens 
(> .Catarrhini infraorder <jS _>JI o->" (> superfamily Hominoidea 

.Primates r- 1 ■■■/■ J )1 order ipj Anthropoidea 5ll moll suborder <jjS^JI 
,3 n m ft II class i .a II .Eutheria (j-L^JI subclas . J II c^-^ji ^ 
j ja (^Ul .Tetrapoda ^ -aH superclass ^_LuaJI j^i ^ .Mammalia 
4,n ,7.11 ^ .Vertebrata si n .noil subphylum (j «°«« II) l+* All ^ 
domain Jl^JI ^ .Animalia Si a Jl kingdom < 's I « » II .Chordata 

.<*aJI oLijlUI <jj^LI _>jJ ^ .Eukarya moll 

j^u (^.Lc. ^^uilij-a jjt Linnaean Lr LjJ-LJJI ^UijJ) ^ L«i <_ai 

< j ~>l 'i II i-op^Lo ^>i^ Ij-Aj .1 j ~>j \ cjU^LslJI i-ij-sLj ^jJx. l _>»» ; iJj 0L4-1I .ti"i II 



lllLa. JjI mil li o'i II 3I J^a. <J-oJhl ^L) j> m"" "if iliiaJI ^ L^lj <l (j 

<fjLi^ LaK klados Ji^) cladistics oUjj^KII ....aj'i i^'ll ,vic 
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<<jaJu -J<l - - <Jia.) ranks ,_»"l jj, iiiLoi I ...1 Liji* ^mI'ijIII . i/i^'ll .1 -1 JiAJI 

tlLlj j-j-oj .^jjLojjJI (jnj II ^Ukj M-J-l-4 4 i in* J-Ljjlij < n h ' > « (f\S* '(J"*'? 



** ** \ * 

UK%.ft ijiuj . — j j-^Jt-o <L»_Juj ly^Lj J\t\ mJI (jLa < jj (j-a <j_iLlll Ctlialx^jJI ^jAxj {£J-^> 

I * * * * " 

£-o^ dULo** <JlL jj^ilJI M lira ft i (M^a ((^-slJLjJU :Lj^Slj (5^" «ia J£ Jj^aJJ Ij-aj-q ^JljJL^=»jJI 



j J a J ^j^- a a ~ i jJb j <(l j itiLj I a fcj j 

jkla jij .(2-1 J£_£JI) SU=JI 5 JJ? iiJ <clades ctail^JI j! .iiiLL^Jl £j>aJI 
(1976-1913) Willi Hennig ^UJVI . t/. .^"H fJU cAlj^l 

jkLt jjLuaJI Phylogenetic systematics <l>Ii£ ^ Jj .^i'JL L^-j-ij 

j-j i ui 't II cjL5^L»JI j,. <ij J i_i -s j i a j \ „~, "i II jjt dl j '» ■> ft <^>jj .1966 




^a. Sjl" jj^j ^ itill {\>sl£ tcladistlc (^j^li i^ij'i i«v> .2-1 Jiudl 

.<£ ji-iu> i m ft oDlSUi j-A rsynapomorphies ^Jt o-iu^o (j[ J^ii «lla.iLk*olj 

■>il j* ai ■ iJ ■■■ iy> <i jjj-* jj» homology JjUUI j 

^J-Ji ^^it (j-* *' y>.' a. H ol't'iKII (jlj ^genealogical 

(jli ^flavour ««L^£jJI» j spin ^jaill)) J!u 9>L«J^ ^ q'IUU-s «1 J£ 

«i i " * . . ' " . , 

I j a uiULLi ^1 sj>lo_JI cLoJUl j) symplesiomorphies Jlo .-.u it 

j <(ai- mn || 3£ j"< moll j_aULoJI) synapomorphies j <(aaJ j J^ali-a <>> 

^ Jo»"> ,,,'t lu Lltf tJJj <<Lil]l iiJJI oj-ft ^1 ^Lla^i <jJ <<>kJI Q m> lj fl^a. 



s ■- * 

^ r d .ti al \ a I I d .a | J j . . . . , d .>■%. d 1^ .fr. a *Sf I ^ . \ \ l . I j tl a tiA l*\ £-a^fl 

1 

c Jj^. ixJ; sspecies ^^UL. lla. IjLai »y. ija.VI ^ lv>ll 

<jLf, J>^ll Ij^J J .^r IU ir-inll Ijjk i_LjJLj J^a. JjdJ <6,AA LLaU 

<£j ^Vl <j& ^J-^JjbJI ol uitl'i JJ j-o J ([ 8 nil lift llJ ^ <<-LjJi 

^rlt-i i^n jLl£.l J <<J Ij-oJLt Jjjia i_ij_y*J A-i-O J <JI nlL J^jiJI J_iAiVI 
I (j »a a j i a a *• ^J^La j-ic ^ If. i-ajLco JjJ^i. ^ AC j tl f 

tl^jA. LjLi^.t Jjj n in i Jj-a Jl5 jj-a J n'f.l (_gjJI s ^Aj fJ^jilJ ^gjlitll i_Sj^>*jJI 

4^1 oLiiKJI (j-a s j-aj «al jjk <typotogical taxonomists Lr ^ ^ill . «y> i^'JI 

Llj>Lj I j<qH a „fl\ platO ^jJaMfll <£jJ ^l^j .<-A^JI CjlVtKII (>o Sj-oj 

jjk jja. i^g^S Jil jji j <«J-el£JI JiAJI)) .eidos Qti^jjtf <u jjjl Lo^it 

(jA ■» > J a *'j ,4 »a .5^ II '.".I < II . t In 4 i J-aLS jj£ j^xj jj-Lc <JjLaJLi t^lii-t 
UJjjf^AJI 1 ftflj'tn ni l) <Ue^uiljj i nl } jj-a j ji i^»l l ^yi <L j» i ^ i l l 

(j-o (jjjLtLa-ja ^itjj LaJhj i~ « *t (j^jj ((I o ftjLlJ ^j's o_i (jjjJJI (jj")J ^^Jjijj-aJI 
(jjJ^J d l ml niVI «<jjjJaJ|)) A n mi J U ~> " <jj< i «a «LiLi_j V Ljjl (jiij J ■ jj >UII 

1 't't^t ftj <Gl ^lj till a I II «j i"l l')» £jC d a I" A. a. do in II 6 jjt <jjj j O ' °J ^ " ^ 

.«ijJ^J^-LuJI)> i^yCl «<JJjjJI» 



biological species ^^.jij^ ^^Ul >jo « * j& I <Lai 

1 1) I Kb jJIjZI 4_> -> II Cil'i'tKH (j-a 6 _>-aj <gLj ^ jJlII <ui lJ^jcj concept 

* _ «... * 

J-A J^J-i-ll (jLi r60J» j Ui *t II d (j jj LLijj .^jj».VI j-oJ>JI jjx. I j I ml *i"t <U 
i t i<->"t *< o (jxiJ-J j)*^ I n d i , t, i I j <(£^aJ) ^ I nil *<"> lol it i ol j 4 I j * J a 

(jl a l~i -» n ^Lt^j jjj -k itillj (JjjjJI jj4 II (jl i^ijjAj.11 11a ^ nVitjj ■ a . . ^> II 



jjl <fjl , .,1 *i" ,11 ijjxi! jj^-aj (pj V 1 ft j a£ I <«G_>-oj jjJ j£ (j^t ml Ti l 1 ft (j *lV 

jj <j_aJ| plTiKII j-aj (jli < JULaJI Jj; ■■■ ^jitj .S jj fc -< iilLa_a Jjl _>kj \ mj*J 
jtjjlj ^3 I 4 nfl ft j^>aJI (jj^ i_>L-uil .AaJ lift j _ Liil^jLa. <JjJlLo (jj^J 
l(| iAi i _)-ojJI J^J -ii J . 4*1 ii i . l l ^yc 4 flJ*La o oLfijl (_j.fi J n il 'u"i L^il jl _ <-jjjU" jl 
(jt LjLjji J j->*i i i i ft I I J^aJi Lpl j| <(Ui*- ja£ <J2VI j^Jc <j1) ifcijS Luaaj 

aLi-j La I, J -J iii SjJS Ci < 1 i I ft (j n <(j ni'i-s II Jl i/-»"iVLj jAxaj I j irnj J a * i 

JjjaJj -V (pi *i 11 <j-e ^i/il ■*> pOOl 1 » ft Lp-°f £, JJ (jl J>SJI I *i '\\ ftj i 

*i . II ^agj "LJ-aJ II ^ n i ii* - Ltjl lAfl £ jl 4 ^ n -v ft II ^ CjI *i_i II 

Ul ^1 J1a3 ^1 -■! 'j ? II oIiUa (jJl >a±p V Lfij^J _ gene flow 

<La J,-> ^jjl A~it\ U"i ft jJjj 1_A j i r>l*i r n La (j-o CjI "ij II !_j-SJj J^JJJ 

pIjjA Jj5 (j-o 5j ft**n ft II jjjl < ft II j-a ^ ^ in'i o (jj^jJjjaJI £\jjJI d a ft (jLi IjJ 

.^jjajjJI i a i'i II 

0^<* tU ft II (_«Jia.l (j| Sjj^aJJ Ij-a. I >fJ-a £>iJI >-fi-J>J<-J o>^J 'jLaJ ^Ji 

. £jl jjj V 4_LaJI CjLijLSLII (j^>« i (jl ^^Jfc jrjljjjJI (j-l^ (j ii ni ^j-a i— fio J 1 "t > < fi 1 1 "i n II 

<Loj j (Lcljj! I j S i/->JJ ' *>*' ■ ^~ ( _ r f-S tdJj ^r 0 J <LjJ_'">'^J II a 7> ^j'j-^ ^ <MJi-a-S 

aJI jjj multicellular LiUJI SjjjJU oLIjLS Lf it <il^>VI <>> Sff^ j^ 5 
<dlJj j_a t _>ji*jj '(Taraxacum ocinale 4_1^JI tLui^JI Jla) asexually L i,i*i ? V 

"_tl ml Till <JjjJL jl'"' <l_Lil <_iJJ L)j_iil (_$jJI J-4 J <(j_l_i I * nil J^j 
LUlll (^>ia.l VI <_>«jJ n_Ua_ua-<JI ^jl ^Llll ^^ln-JI j (jjKJ 

i 4j*i i^*il "Lj^A^aJI 5-i^.jJI jJ» j <^fij'i uajJI jvj^JI SocLfi J^ia j^Jx. 4jM () j II 

j-jljaJI jjJx, SjjLfi OljL^ I jl LoX. jh'ill ^Ufii <(_LaJI CjI '|M*S II ^ys toj-aj 

- 1 * 

tj-A j taxon is j Lual jj » j-a j^jj-ll <j1 45! -V a! c5->^^ <V=- oLiLLS 



<J}Uu ^Jl uj uAj (jl /^palaeontology <-ajji)l jjiU.VI ^ ^ 

J ^£._>JI ,_jlc fLAjjJoj ^ < 4 1i A. o J^-lj-o ^ < j I" •*> n f.LauLu\ 5j^-Ij linoago 

:Ja5 Leo La-ol^ ^Jj <H. sapiens J5UJI (jLu^VI ^1 jjL"* v J Homo erectus 
.chronospecies <>»lj>iJ £>dl UL^I ^yl^ L« JHo Ua j 

jlll ^JljjjlII <Ljj Jjl^la jLa-il (jit CjLjt "->H wil^^VI its. jU 

J i i in ^ Ir.j ^ J '.' II ^J-^' * Jd * a J-° LjL^-l (j«ajl CiLjjjjij i i-^ 'i 1 ajJLfcj 

<phenetically 1 j) n ^3 «LpJI c^KJI ...ijw^' ^ jil ^kJI ^da.1 <jli <JIUI 

<((«T^*i^I <U» Jjlio 1 j-i*JI (jl^ discrete 4»tv5~ Jl ol mLSJI L^la .A 

? j " j \ j j ( _ r _A dating oULLLl * c I j_* ■ ■ j " j " cjVL£ jj <o^ ^ n II j ■ "> ^ II 
j nTn,3 Vj <LoL»j <U£. j .A j_o Upl jll "LSj^kJI SJ>j-o (j-<^jj .phenetic 

Lo jjj n -v " <Jjl -» n J\ f^^-aJI (jjl^JI J j k n J J) 1 « *i*> 4jjlj jiK ~t I jla-i^al ^jAc 
•>=>-l £-0 ^j'jjJI - u^' Lu=_>Aio tjj^J AS _ ^a. (jjl^J tl^-a-aJI t>a lj| 
U"° f-^-J-N jj-lc- <j1 (j-A 1-iU-s oil IjJb Pill's mnll 

jjii. dJj uj^ ^ <Lu>£j <ijUal^ jJjj lj">j'i_ii Sj,<-> oil <j-aJI oljjl^JI 
L _>iiij ^1 u alH Lpt ^-_>JI cr-^ <lj^Aj -I j Loji J .ml 'till ( _ J Jt SjjLfi 

<jLj Jjjj I (j If JI *Ln^j .6 jjLaTLo <jo. jJjjj <_i~k Ciljjl^ ^"j 'jsll J^jjJI 

D-pseudoobscura Lla (uj*>->I^"q j^i-) (jU*» I^J ^1 Drosophila i^UJI 

t~njjU7 x lj-_.-._. a I n) j*M< jjji^lJI (*^oj V jjllaJI (jLijlUI .D. persimilis j 

* * $ * j 

^^3.J*LoJI^ • t > 'l' ' "j" LoLJ I 



<jjj^i\j <ujj3 ^lll j^JI 4jaaL ^-s^l* ecological species concept 
^i>«^ <j-^ ^ recognition species concept £>l!I 

-s \"l V Ladle J_tJ ■% £ jj 1 iji * ■ ^1 i±J J -V J JUJj .6 j ml I o <GjL=i^Lo LaJLc. {f \ ftj 
Vj lift J)j Lala a c-tf>j hi*? ^ mil I I j jl wijJLj <lj-t II oli'KII jj-o is j-oj 

La-ii J_tol jjj oLjl j ) % II J »*« II a \jQ Ui n II Jj-ijia <j^^f ^,1 i— 8j » "i II ^1 "> -> > 

< I ) .ill j^. I (j V Jjj|jJo_i ~k <Cjj) ■ 11 I j 'in <<~i jjjo (JjjIjiaJI (j-*> J_'~' < ^ ■ I ([ Jaj 

oL-J J-o JJ- 1 - 8 I (j ' a ■ i 1 j J II «l i \\ » * > K II jl^a_oJI ^^-i ~» jlj n-il <Jo_ujl^aj dlJjj 

j>_a jjUr. ^ .LoLo^ ? d s\ .ti o i_,l \ inV j-^jJI Lj-LLjj ,^1 j <pheromones 

<phylogenetic species concept ^^Ai ^u-%.11 ^jjllJL u^U- j*^-^a iaS <(^_>a.t 

4 a I" a I I n*1j " a ■ fll I I d *^s. I I .* r l 'SAK I I *tit-J a^^jJI i * ^ 

jjjX. »l lAfl (jLi <i_ij_>JLiJI I j^J I j > U j .J-SVI (j-l-C- Sj-^.lj <Sj j n o <-a-uj 
Jj^J J^-iJ <6J^lj SjJLa.0 jo in t <_£J-LL> ^_xj a I" - V yU ^ *n -v II I n(j ^ . j jllj ^ jtl'-t . n 



(j-uiLJI j^klJI ^^Ic JjJjJI .J^alal3 cJI^Laj CjJjlaZ iiLi j>o La 

«Lul\*Ti ,i,l <J uiLu _>i j3 ^jJI <fOSSilS (cji!»l->" 1 11 nil) oLjjjla.VI Ja^u J-4 

c. * ," .* ,. - ' £ * 

(5 1 j^dJLj V I n Lj n LoLaJ) <|J-oL^ ^ J -s i n I I .(^j-ajJI j-J-t (_j-ajVI J^lai {j-£> 

(_yajVLi <LoLajJsl JJ^I <jl n I Lol n" ft I SjLfc i_LaJLaJI ^JjJ - I J ,11 -n c n 



(j-ajJL £^a.jJI fj* I'll*? eu <G£J f3Lxa> II J^iS ^^ifi. jL ^1 ^h. Vli-o - jkLaJI 

( _ r ^aUI ^ llljj-ol 1 fl 'i o i A jj-a <4j*=JI s-L-iVI cflXxJ ^1 Jj-ua^U P-ljjJI <j4 

.i_u_>i]| 

^jlt SL-aJI £JjLi jlOj-al I 0 \\\ » ")j ^j-sLa.VI Ci^La-jui jvlc. <jl 

^±iU.VI jjL_ua .palaeontology i^diJI ^La-VI fit (^-"^ <_A/VI 

J£ju S jj-ua J-4 (jl 4-^aJo^lsVI jliill 0>j-°Jf t-Lajill 

(jSfl <-s>*-j Lljt jlaj .plastica K/i <.»MjJI of*-* Jjls <i a-ilj Lii 

I ml mt <j j\m jj U» 11^ <J nhr J£Lj-A <j-e < J* »J « n f-1 <j-a <j j£-e ui ni l (ji 

-k^j i . ,, ll*CH ^1 a in I i A j)l *■ ■ ■■tj (** '** '"jj .* t - ijjLLac j 1 1 ii 11^ II cj\ i <",j£ 

jj ~\ n-» II Lei j I a II JJi-a A q Ul i iAi >lj ^jL»-aJI tjj^ J^-a. Cij^aij 

^lc (JJ)~i -\ "i ili <SjJ i's II jLaX-VI ij-a l-i mil ^1 i~> » ft'ljl <_yJ.ll <<-xjL£j_JI 

metamorphic Uj " » II jj^_ucJI ^ ^±iLa.VI u) Aj_i .xa-jjj .£i±JI jj al ->1 

.^LJU. Ja ji i o j CjIjI>^. Ja-Sj I j L»J » " <JJ&- <UiL£>J jl <J-iJ-uij J J^ 

«L±K .Ai Jl i °l ■■■II Jlj jij .<jjjL^=> CjL-lu^jj Lkjiajj <LLk.ljJI Cj\ j-^ all j^JI 

ijjjj-a a jj-ua jVI ^j-e L^-a. j Vi ni'i ( _ f aJI j _> t l a. VI ^1 

^ .L^lLa. cJlj— aVI " La LJU. j .Til uaVI ^jiU.5>U J-uaVI JaL ^Jij 

jjJI J^aJii Lfia oj^" jkjjjaJl^Jl cjlj^jjU aragonite ^j^jciyvi <ij-uaJI 

<Jj_iA«JI jl jaJI ikLaJj Vj llA .Caldte CiJ inH^1K^ r nm' i-iW J ^ mtt J< m 
f-I^VIj (qjjj^JI tj-a , S I ^AfJ-ll ^1 " "-».' (>^-l t<QjjJaJI ftj-fJ 

LJLc. mil l(| IU" ^1 cAlu j^JI ^1 jl] ^ isJj^JI) <xivaJJI 

j A» j h 4 -> " j .Sjj-La.VI I (j J t Cjj-aJa ^JjJI 5j -» II <iajia_a J-a.JJ La 

(jjLa J4^JI) _>^*JI "'*< C5^" mflftll gjjIjJI ^ Ij-ta. Sjji-^oJI oLi jia-aJI 

^JUI ^ <ii a iij-aLJI o'jf^ 3 - lP- 4 <j-& oLij I o o a ■ n'i'sl aij .amber 



V JJ-fc I (j j a la. <Li1 ^'un i <<^a. LLoljJtt Q a "i Sj j-a. j a II <Ji> jVI 

<*l "i >l t II <j-o Si V._t. \ •> J| lal * o jJ ^jj ^jjJI ajj (j 1/1 n II ^ Ul *. « II i 
ljj» -o^jVI t> ^-ualJI (jli.ljJI f.m*U i-lLo ^1 <j!uoJI <I_daJI 

iSJaiJI LlojLJI J*oJ magma S .^.11 ^ <» a\>x <-t^ <j]j 

• Sjlfl .^<ll ^UjjI ijiklo (jfc bjt i^^LiuVI ^jJI <jjLj (jnt-ii* jj» <l$-ia £SJ>* ^jjJI 
^ l-i i.i J^k'i <CjIjL3 I (j /n i.i'i a j mall (j*o ^ U 8 JJjljJI j t iii ^-4 j^JLjj 

alj^ n t>±jt plate tectonics <li j~i<"i II ^1 ^Vl ciljLr <jl .<> .AjVI 5 ^£JI 
Alfred Wegener ^iLj j jlS ^LJVI ^ jJ j w> II <La. _>1SI < jja-% jJL*J UL^l 
The origin of olU^Jj cJjUJI J^ai jljlau <l.L& OJilj, ,(1930-1880) 
^iJI i^aJI i960 .iio jJ <g£J ^continents and oceans (1915) 

|.iL^ LcLS jjVI (Anil L* J 

ijjLLlI Sj^iJJI Lla - La-bu^l 1 .Ail lift - j2j .(3-1 J< ,t,JI) o^jW 
^•j a in ^ <L*_sl jJI JM-lJIj <g^jj <laJI J's Mil ^l Jl i II (j^J u-« ljxLqI 

.^Us^JIj <JLaJI 

fr^j-aJ-LoJI (jj> <4j-*i»jVI Sj mi a II ^-S JJUaJLllj (jl 7»J(j II Ij-A Ja-tuj 

<£_fljj Lojjfi. <4^^JjJLaJI cliUiUII JalitLkVI CiVla. (jAsu d)^-J (jl 
Sj^ia.1 jiiJJ <>a.^ o-a Sj (jjJ ^-SjJ JjLi. Sjji^I <JLlA >a>lj 

6 JJt . al 5jLc I *. *.<! /. ij I ([ '■ " LtJ ' -■ " j I "I aJ ■ r* j" n"i I La (jL^-o ,j^> < fi i.li 

jLjVI £-a ; Aa j a II «Ljj"i'C"> II . ' ■! ' ^ V I 5jJ5 ^jjj La,, Tin a <4 aja-> II ^j-Sj .Cia-xjj| 
C>ldia_aJI '*" ° >*'lj ■ CiUaxa aJI CiJ n Lojjx.j ^(jiiat-ill 4 a i *> » Jl 

vLJI (j_a ^ ol jj in .1) «L!Lo cjUw ^ Cfca.Lva.1 ^ <i_fl-L~Jlj ^LoVI ^1 glaciers 

(jl jt. ftj n Jl jj-oi <J 1 l-s II £^.1 LoJlIc CiLkia-oJI (jJLa <1a LjJjLcLLjjl <^_ijljjl 
i.\ 1 A (j^j^l _ <LuJLaJI . 'j-*- II jljl J * " ml Aij 1 ~> mil I *t 1 i«^l nl J 1 11 ^1 -l^JJ 

(j^J. j .SL^JI LLL, ^ _ <^JI cLiSlUI l^J\ oLSlUlj <4^J| ^L^LUI 



j-^IIaJI j^-j .XII J^A*J1 




CjIjLSJIj <L»jLo Ii i. ill (jjSj mil (jjj^Lo J i'ij (^"j (juLjio •Ji^' 0 -" J-aJ1 (jJt Wf-'l 

L»j in II a\ .„ (jjjljJI iLjiaJI t >ij^-' u^jJ^" jj>P' ^t - ' •> "II <M ml iii ^ ts>i J 

.(9-1 J£_uJI jJiil . InUi-^ nil ijjljjl j j i^ljl aJ-» <^o J£ (jc oU jj i ni l ^ JjjjJI <i_>»-iJj) 

.4JLJI lilloLj ijl^l ^ ,j1 W y^l jklUI JKiVI ^ j 



E-J 1 1^1 ^jJI dJj (J^ ^J^^- 1 iljj llLlj <C>l.LI^-mjJI ° ■ t~ *j ... < C"^n 

jj tl -> SU Jt> in u^C-^ ft " ij .(jJajVI |t In 111 J^LiJI J 1 j-»t ~ hij Lojjr. (jii n mil 



e-LSj jjiU-VI Jil j .<U .A aLjs ^ cuiilc <1xJLiJI I.qKLa ij^j oljjliiV 

JitUU rSj^ jl^L j^iUVI 

(oLi-il) wJLJJ <e->iM ^ t> f'j^ lt* <jjj-ALkJI 
jjiiU! (> <^4j -(4-1 J< ■ m II) coccolithopnores <j>a>JI ol ,>j£aJI o^LoU 

Lijjji. J jij 1 1 1 n ill c-Lo La J ^"v 'I "j"' m JjjjJj 1 .4 i_JLaJaJI 

jjjJ jlij 1 998 j 1997 (j-oLt ^ i _ r ii ««_Lii=JI .<"_» jl 4 .tiV ^c. 
i_i II -> U (jjj^Ljj <j^Li_ol i_u uu ^a^._>jj (jJI l 3-°Lc i3~>j^ tj- 0 Bearing Sea 

l(j a.jU ^ji j itjn mil (j^J <<G-ol .«->ll I j"l ta J^Li. 4-Jj ~> *> II pljj^ n I I O^LoLa> 




Sjj_ u. .4-1 J <i it. II 

? : j ~ - I I < . II ^X-=l_^ 
^ n ^jJI <coccolithophere 
<U - ■■■ ? J^j .Emiliana huxleyi 

(jLs lj— » J 1 » ■ - coccolith 

CjIjj— £11 O^L-dl — a. 4— j j ^ - 

.<L j» ,M\ jl 4jjJ.I <jj-v-.1I 



jV$-9 IjJJ^ Jf I MM <JI_o5jl ^yC <j j£ j»-C-_>-l <Jjil ->VI J^-tu (2)1 

Cj j-ojj <l (j *il inf I a"" i mi «t I n ■% o i 4 i n i i IjJbj J^lj-jl cK* J ^ ' "' J 

jtjjLl (jjJJ J-^ mil (jl jJjjj .^JLaJI ~> II I *» lij *% n Lj-flljjt Jittjij <l ([" I *>_i 



0 s * i " * 

( j^J <LAaLc. jJaj UjU-^ <ijJuj (_£.ill 'SjJ~> itilL 4j i mil lgJ>J~> II Ui~> nil 

^ * - - " ** 

j-oVI (jl^ LaJj (^jjjWVI mil CiIjJ mVi J-=»- ^jj <j| Jjij .J^ojlsJLj SjjAa. 

■ l(j iAt 4" ^yJI j (2>^>\i <<taajJaJI ^ llauijja j> (j 9 1 Id^. I n() n 

J j ^ ~ I I v &j « j_* evolutionism jj U - II ^. aj a J_5Ij_j j_jJ! 
>aJ Jjjj ^ _>k^ -J^V oij <_,i ^IjisVI Iaa cjljjSLluj ftransformism 
<JU. (^Ic Jtu ^ <J-> ^ ^111 .creationism jl^JI i_>Jkj-a jj» 

^jjl £_jj«ll jjJJ i Jjli»J! ntjj (^JjjaJ Lis jj pi luLj fljjl j j ii " j (jl 

j-ILa. (Jj^ (^-o SL II <-±i Ci i *i (jl A«-J <<-c1j-a_> I o fi <<-i nj t^LoL^ Jjja.jJI 

't » „ *' 

J-J (JjJi.jJI <_iJ_o__^juj *• I ^iVI CjjI^ Lojj .(JuJiiSjJI J)**" iii lj (SjjJaJI <^jii-o 

' ' ' - t 

j .A nix, <ji. __J SjjJaJI pLlaJiJI (J^y JLa-oJI ia-jLoLo < (J i>ljijVI ^1 Jjjj LaJj 

<j! jdJJ ^^lll CjUIj) t II jL^jlj n ir-Tt ^Ic 6 JjJ^-a jjt SjjJs ^1 ~> 1 1 j . JjJLLl! 

s * ? 

tJjJLkJI 4 * ') i r-i Lo (jj_i •! iAii I ([ lQJL-I (JH5j <j j i m"ij i_jjjj\j Sjjjl LfJ 

.jjLuijVI (^-JiaJtj SjaJI «CjljL> 

o ^ 

^ < ft ioj.1I)) J-Aj 'C~^ a J) ft.ft-11 I l-i i i^i ft II (j ft i<Vi i ^jjJI <J)1> II u flJ ft jl 

•ui^ jLxLk}U JjLS ^£ ^1 :l ft If. t^ujJ .Intelligent Design «£jU!l 

(j-S JjJiJI ^j-o ia-jJ (jr^-^ i_j^J -^-LaJI <Jj i«-i i ft llijJ ic jij-a SjJjaJ 

0 

^pJI Simplicio jkLLo <jjaj j& ^ '^jf; J^JI (jli <pLjiVI ^^L. ^=JI 

i_JbiaJI ilLa. <Lo I J ft If ^Llaj (j! >"» I <l I l iii J (jJkj (JjJjJLc. I4J aLa. 

jj-SjjJ Lojj <_jjIU ft a_LxJI Jjl |> 0 o I I (j-o j .<Jjj-o jl O^ lj 1 1" j-Sjj II 
Lfil jja V IjJjJ- J ^ jliJI v_j-AJu ^ Llf^-ljj ^1 IK .t^ftllj foUiljo 

<XuAa ( -> 0 0 JJ-Juj Jj (J-loIjIaJI a_^.Ltj[ (jtj <SimpliCiOS O in_»l 

<_) ~. I I jLa-oYI (j-Lt (jl ) hi II <jj±Z (j-aLoX.1 j li i j8-> ftj <,jJbj-oj <oJ5 jU 

.jku 

tl 0 1 ft Ijji. jjj^ "l^jJa II i_i A j-o J (jl nu (_y^-H ~7 a II (j-A Lai dj^Aj 

j -> ft I P-LLII ft ft jl (j-oj .I4J J i^itll Ijja ^ in" I LJ il»jo.3. LaLiJjjI jJ Lut 



(j-o Jj JO-C. tjj^J J-2-1 <Vj1 .1 j i n ]nti Jj^Lj j> jj 9 "i I 6 j j n n II I j "I n in (j-Lc. 

V j^klll <j1 LiL^I (jAaJI .JEiuaJI <i«jVI S.u*»J ^1 jiVI 

|> I » I I (j-o Ltjj^Jj-oj V J-fi (j-oj <6jl (j's fij ^Li IjJ <<Jjjjj 6j-S ifl I nj 

gJlj jJa II Jjl jl (A -\ i-> Ci mil (_£j£.aJI aj-A 3 ^ i—i A j a < fto i In-o 

.Aflj .^«Lljj) < S L^jj^LaJH Cil 5j-La aJI (j-o I > II *> aj jja.j_a £_lj)i1 LiL5-J -.1 U. ~ \1 « 

it 

<S j" ■ " 0 (j-^ (jt tj^f jjJalJI (jl (j^j mi 1 I I (j>SJI ,j-S £-J»lj-ll (j-o Idi. 

4 o-s m'l n (jj£» (jt '— ' 7* .' ^fijj^JI 1— i~t II Ci^lj i«->a" (jl jJk JLtiJI jjulaJIj .^jjj^. 

Jj^.j V jl I j-4 (jl Aa^J jij .^jjji-ujjj^LaJI jjiajJI ol^J £_a 

oi .15J15 ipJI oUiKU HiUi^iL. c? ,,n- V ^Ul 10£*JI jliSU 
v^LlUI <jl£ I jl L> ik^^U ^ £_JaJI Jjia. JL^LiV <^ >iUJI ol jULkVI j-sJt 

* g * # * ^ 

jjAicj « <J (j".»J) (j^C at ^ "L jj II ^ Un-i > <l tiA ~J{ (j-S .L^a.jJjuaJI 

JMi. <QV <JjjjJI jjj£ VIj-o oLjjjllI (jafi. Jj-suj .<_iSljJ«JI J o->"ij (jl <Ult (jjAjj 
^ o n-10 (j-a 6 J Laic I (j's <<iLj p J o uaj ^ Ij ini\ j LfjLi <(jjJlJI jjlaJ 

(j;i*lj j»J; (j_oj ^j<; AJI ^Lol <jj^jJI i^t jVI (jj£i jl .Potty Designer <J\z 
as j .blind spot «Lxox. ikSj < 4U « mil I p oK <L jjjjJI SjjU^ L^k, 

^j'l moll ftLki.VI (j-« >a.Vl ^ jjJI >t* \ J J .(jjt II idJj lLo |> J II I jj» 

<5j_lo <LjJa ola.1 inn (jJk j <jllo .pSeudOgeneS iijlj Cjllta. ^ij ^yJjj^JI 

^ iijjAJI o jfjJI p^l^-o mutant DNA t^jilL Li^J j-mla <uiflij jji, 

y^i^ji 

< o II jj U " II .jj U " I I 4 -> m j-aJI 4 i J « ~> II j aJ-aJI ^1 J 1 \ \ 

^jjiLaJI jj U ~! II .S jj i in II o^Lij 1 ~i ,11 jj U' 4_i I or j_4 microevolution 
<l LjI ua i <i_i-jj) (j I f t cjLx. »j Sd-jj^a. ^1 j-il t j A '< j_* macroevolution 

http://www.talkorigins.org/faqs/molgen/. : Jiil JJJI li$J J.^in . t.^ j |Jt J>-^JI iuL. (1) 



^^aJlJI JJJI (jLi AIiLuj r.U.-^.V La^j .phyletic gradualism ^x-^lJI ^jjlll 

"i " ' i ' - 

J}U> cMJ iia. ijAa. speciation J< (jlj ^JjJI <jJaj La_a 

^-jILsl jjjj , "11^ J^oaJI ijja <LL ^aiaJ! Sj-oJI i_i5f '*' ' " " (J"° *VI 4 » </-> 1 

* # 3 ^ 

punctuated . U a ~ a H ^l^a^JI tf ft ni"t ^jJLlI t Jj 7. I I l^a. S j J *; ft II 3-j^-lklJI 

Stephen Gould jJj-c. ^ LjJ ...j <Niles Eldridge ^x^jdJI J-Lui equilibrium 
Sjj'* ,ua <JjAla kjn^o ,2,1 <jjU<'ill 6jjk ^ ^^^j -1972 j».Lc (2002-1941) 

£jLL_LaJI (jj|_ij_aJI ^J-ijJI (j. ft j J I o f J MA CjMjJJ-IJI ,j-o <pLijJ Q iAj-Xj 

ij^j _>-Jl1!I J <^»Llu j .i ((^^L^Ji)) 4 »K <j-1j^j) allopatric speciation 

£-ij-aJI ' Jj! J - a II j-ii. <j-aJ IjJ .(I (j 41 in 4 4 I" *> ft iiil^i-a. <l 5 la J a 

jj-S SjjJ^JI £j _ajVI _>J-flL=^! Aa.jl.ui jLj <j-aj t^U mjJI Jl^_i!vU ^ ^ m ^ 8 1 hi II 

« " * j j j, 

<u£ jLili^U L>Laj 6 Sjja=JI ^1 jiVI ojLc Ijl Lii .nil jdl 

i^aj ^j|< in ^ JliliVI JjL £LkjVI j^>*J ^^ia-^" jJI Jl^-iSU J() jftll v'f*" J 

' 5 J-° Jj^ C-^' Jl^JLj i^-kllaJI (^jljlllj «^C>lJI ^J^lll oi 

• OVI n" VI Jj_o i a i U I I il t*i o Jjl " >! ii '/I /v ^ ■? » <^j^ n n 'Li.j j ■ a 'I I tl a A^l lLc.1 
jldC jj-Lc oLoMc {Jj tjjU'i 1 1 I niiVI"! ft ^jji^j^aj LaJ» j( i" r I u i uiLIaJI ^j" Jj 

P j i ti '<< <djlj^a.VI jjol J JjLSjj .^>ilJI L4J iJjaj ^^JiJI it^oJI ^1 mj 

p j in't*^ <(jj^S\ ild^VI jri 1 < ^- jJjJI Jj-o Spl^i jjVI jni t 

t " 
jjj ft jJI u.n i^jj .punctuation ^killl ^j-a uJJjja j-ij-a SpI ji £_l >>1 

J^oiJI lift ^^Isj ^j^aia.VI Jt> hi JI Jj? ^jj ^J-^" 

I ji h iIjJ o_>^ <jV < Ja^JJ a jj 1- ! o d hijI ^Ua'iflll ^jl jli) ij^VI ~ ^ 



i_i_Sj-oJI (jlj I j_A .^-Jj .11 II J J < ~ II Jjl J J-^J ^ ' "** CjLjJI <Lk_ujlj_i 
£^HJI (jl «LjjjjUI jjiijlij jjxa. <jV <LAj1 Jj^^l <L>l»jJJ ^i-uJill 

J mflj Vl Jj^-U SjjUI JalHl! 6 jjk J!Lo J ^ J l\ .<.ii<"ll «LxildJI S ^L)l 

Lpl : (jj U"ijl^ ll^A ^;t~»; < ji) ^jJlaJJI «.UliVI ^j^Jill jLLLl «LiL 

Cil >l ot II (jjs Sjjxlj . ~.M ■ .^.e". Jja. jjJ-i (jxi lU^JI ^ nl -k ^^it CjLaiLc 

.(JUJI ^ 

{y> Ijjj^ Ijji i»j Ijl t^jltA £L?JL> u^^' tr* j»J (j-oj <(5>>LiLll <daLiij 

oLLLiUI j> j^l (> £lc/>iVI IjUli .S^jjuJI j! ^Loi^-VI 4JUI obi*. 
jSlilJJ </£^JI ^LiH ^1 <3.jUI (jliaVL (jl^ IjJ iijj^l <^L*V^ 

£jj (j^i /jj al 1 II frl <ArVI <j1j <jj*" ai ^Jj (.fJi <-sLuaj ^Lfl-^J^ 

l_S JjJ&JI JJa (^yi j> (j 'i^ « 1 <CjJ^12l Jj8 j> (j * r Lm ji SLa-S (jj . \ -y _> AS <^ r 

<iSUJ ,jl .(jVl LloJ ji^VI (><j...<il. ^ ^ISlJI J^illl ^1 

(Ciona j -v > II ^ j *; > '> ' (j-lJIj <oLl3jJI ^ « ■■■"» (J Z-i\ <_j>^_JI oLil^j^JI 
<J d>a-la jL-uo j_ii_^JI (jljf^JI 11* .1^?. <Jj 1 >■< (j-* j <>^.l }L*. intentinalis) 

£_iial_uij <j-iuLLa <1aj JjLj (jl La «j£J <^Uj ^1 <a.La-J J^-* IjJ <i5jjJI J^-i 

^jJ| <£l_oj JSL <jli IjJ < a" II ^1 i^-La^j jjlj |J <l^*io uaJ L^jj frliJI 

* . * * > , 

(jl SOjJi. S j&sl Lpjj <i5LkJ1 (jji I dip mJ ii-ajVI . jUjVI <J ..i t iiij 
,<j i^Li. iAl JJLi jJ 4j| . , a m^'l lajac ditLaJ (j^-iUVt 



.William Paley j».UIj iJ^£ SSLoJJ ^jilJI Ioj> t Am . t^j^ 



j-Aj J. B. P. Antoine de Monet 4^jj_ajj jffj o '".'"^ aW- I 

<jl£ (1829-1744) Chevalier de Lamark ^Li ,., 5 1 J-oL^ 

o ~ > j Sail < V <GLi^ a.l_>1 jAljl ^ llK 6jjj3J JjLs J-ij <I w>; ajLs <GLja> 

- . i * - » ... .•» . 

jLa-iVI CtflTi'il Lajlt ^iiJI (j-a ^lj ' J f ^ "' " ' " ->^- S (j-S (J^J ^1 ^ 

jl t" ">VL> jjVI 4_a_u»l [jj" i \J .«Gl_Sj q" mi" J < J-=>-l JJ-S ^jJI qI j'i m i (jn n JJLJ 

(jii nij-a 4 8 ifij-i jxlj'i t VLi j-jj^k. J-$-S dlJj J— a J <^lj"> ~> VLj (jj "i 8 J Lo_o jAfTI 

<d <-uiljj SJt\ l£± .1801 dJjj <jjt-r.1l <JL 4 3,U"«II _ <oa1t c^j^ 
.1809 jjL^JI Philosophie zoologique <ut& ^ L$_aj2 

j-> i ''j' all ' " ^ a iii ^j_9 <J ni n 4 it I) pi 'AK II J^ Jjl tiJjLaV (jijj-sl 

(j-a-iAL 4 j I -> I I „\j -\ j * ^ I i rt ? ^ja. <jjL£ a jjj (j-a Jj -> " " I Jl n^l l 
<c j *i" n ^IjjV « 4 ■ ■ ^ r j-jl^aj» ^^iii-o ^ * mil Ij-Aj f^^jjJJ ^yj^jJo^LaVI _)-Aj^JI 

\ o iii < Lftj i" C.I La_ij 4j] <4_> (__jjjl_i_ll ^SjJj 4jLa ui a j_A j _ I .i<a-i| j_5jjj 

.iij^jj L^-jLi <5 j,i a-aJI Cil a uJI i_i i n*i^"t I n II 4j| _ 4 ill n-^ VI 4jLa-jjJal (j-o ^lAxo 

.LLJl jU^iiVI jljjt Wf* '" 4a5j 4llU~ 41JI0! jo At j 

Jf^JI ^ ijji^u Jf?. ^ 0>ij1 <JIU"i m.VI (jL Lak. «J-a^! isljj 

.JtUI 

L^.^Jj : ijJI (jJlIj <JjJ5 jj^J tSj^ < 1 1 5>uj itill <a.|j in II j -n ih'i aJ 

lia t U oLjI oJ_4 Jl n J 4 I n *> *\ o 4_>JI 4_ijj^JI 

transformation J^iJI l^JI jLi4 ^ <djLV ^Ijf jlj lia ^j»aJI 



j •* •* b j <i 

<jV tia-a. ^ujJ (j,llidl ^UJ5j ^ylll ^jJI SjJLa.) <LaJjjJ| jj.n ,o ^1 Jjj jd 

191 4-) August Weismann o^-OA? o ..if jl jjq .t. H ^LJVl ^jJjjJI a.U 

JjJa j i/ifi CjJ-^-j jjl ^JjJ (jl_>jjJI ^J-a < I il t " ft JLi^l Jjfj ^-la^j (1 833 

Lo[ i\ (j \ n II C5J^ J-Sj - j^-^ kjjL^i a <jl .4 j II "> II JL^a.VI t_jLij] 

S j t o n II pi n i ii II (jLi 4 IM 8 II (_gj)f J H (jA ->>\"t L^_j| _ J it". 8 jl iiUi 

djLaV Sjiij <4^j ^j-Aj JjJi-lil 4-ij£j-aJI <AjloJLj l^J <S^Lc Mi <ijJJ < i inTsnll 

.(jLjaJL J5~>"tH jjU Ijjj .^j jV»j-> <^V >a striving (^julJI 

^_£l_UI j^ji The vestiges of Creation (1 844) jLlJI jUit j 
dji aifl .1 •>< o a Ijj mil (1871-1802) Robert Chambers jj j ,7,' c^fjj 

JjLa j i r. Ijjsj <j\ t\ cj (jiujj (j i -> I *i \ <^ n iii o Sj -> IjLs lil ■ <-& j i n o SjVj 

-■a jjl l _>uij '^JJ-^ 3 4 ' '"" La I *i > iti ■ a II la.ia aJI i_i n"X i JjJ iH < J lLlLLI 

l^ijUj ^l <Bridgewater treatises JL^VI <jLi <Lij>& 

^oLUI J^jVI 'R. H. Egerton <^p_>£J (^j-i-a ^^ij 6^^' J-?o u-° Je-^Jr? 

s 

<LikJj <dJI s^i jl o h[ <-A-*-i» ^Bridgewater ^jjj-i LiJal j-J ^i.Vlj 

^ a a II J£J Liij <J_«jlJI lj_ft I j ^ iAj-j (5,111 «LiLL ^ jAj^ ^jjJI <<JLofLa.j 
JJLC. j^C jjjjlLII (Jill «tU inlj Cijl^ t«l^ Iijj^jj <ill CjLSj) I *> ft JJJLJ J!La <<Llji»_aJI 
j « I I la II i a .<".» Jjl j ' t « ) I " ~, i JLaxVI Cj^L^I dij .S^-u a L i n I I jliiVI ^j-a 

T. jj n II iti j (jajLo^j 4 ((jjl—Mij^U (sj^ < Hj ^^-S^La.^! ^^-j^^'i II j_a j j jLaJI 

<JUJI £_a i^a-jUJI I i/j<". » J>i*-> 1 ^ .'j ^Chalmers (1833) 

JiLcj <<jjda. jUi'i (j-aj -J- Kidd (1837) jj^ ul>^ < *->j^ ((jjl-Luj^U <i >o m~> II 

.^j^> i^-ill jJk <LiU (jSn ■*«"*'■ LaJ ia i Anil JjliaJI ^jjlajJI ^£ 
jJjLiij jji-Tt II i_tft J-a <La.jjj ij i^i^ll (J-o aj -kl " o II <tLi.jjJI ai* 

lj^ 6fJj' J c£-°iJ ^Jl j-Liaj (1882-1809) ijfjjlj 



* o £ 

^-jjLLlLi LaJLc £>£J ujj 1 Sj j j J-ojlj jjl^ citj.^ (1836 ^Lc 1831 -lLc ^ 
o_>jjj L^iLUui Beagle Ja^ <j1LJI 4\_>i „,ll ^Lo ^ <Liai ^jl^JJI 

^ju^Lii .^llll djLii I 'll nil ^tj-i jf* <S?' >*j «R- FitzRoy ^jjjiji 

^jLfljj d . ^1 ^ |j < <GjjX. < iL^JaJI <2ia.j ^j^^ m <iij 

J* 1* ^ * * 

Uja. (jjUj <jL I olr <4 Liijj j^J^ jUI jiU ^jJI 4 u$ .nil Lr k. jf-t-C" 

^ ** * * * 

'L>f jj <Castlereagh £_jjJ-luL£ c*jj^-j-aJI J^». La_o 

■ tl <LeaLo La LJli. (Oljt-i* ft II <j-e JjLft jOjB ^j-S (_>oj*J<J ,jl 

j^iiil aJjlJ ^l^ftJl jliJI 3JJ=jj Ijf^b -^jK ij^J^-" i_r* j k f^ fc 

!l j'j^j :<G_^ua ^^IcLi i ir-> I (jl 4 i-»l ° ' "*■"» mi ^ ft If 

l4 Ml ll > II J (j Uui S.AC (jJJjIj (J *>l <(J" ft ^ II <li^.J Cllj'l Ml J^lA.J 

<ijLLj La IjjU yL^ jlja <GV <tiLljj SjLt u^J 

<i nift-^ cJLLa ^^jJI <<d <I5j^ <LeL?| ^-il Cwl^J .^Sjji irfill «t*ij3 mil ^La (j-lc 

(j^jx-LiVLc, jj-a. (_j_s <1835 ^Lt j > «"i i mj J^»-L»l 15 Uj_> <^ > >l ml 

<«t"'ijj m Cijl^ lixja. '^jl-fll ft II ( _ r k j^jjl j^VI (Ja.LJ 4jjLa-JI ^LJI 

I (j ft -> I jj-ic 1 1 <l o Ai 1A1 II i ■ 9 ~>^l mi II ^ n " <Lj I l < (j 4 mi II jj-a j '"t's iji-a 

j3^JI ^ \ .^ll ^-Li.M-uJl ^xu, c^iLSj .Sj^jJI LU. j ,jJ <d^V jrjLLJI 
jj % II i -i t> '< ^1 jjVI u Ai > ,3^J lAjJLjlj I U .^1 jj »< II 

H. J j 8 1 n yLajjjk l() « i«ij <jjl^_^JI jj^JI {y> «t I Mil mi (joj^tLiVLc-j .Sj iil i«-ill 
<U jij i.,< i<->j (>e I _>ji^ J_Si (j-ojo <jAl j L* jlj ^jJI Melville 

<UlJ9lS jj-S dllj-Aj Lj_4 Sj im"'i n ^j_i^l^)-iJl I 'I a i LoL^j J|JJ mf j <l ... ^ -i. L^-jl» 

CjjLua ^jjl <CjLj joIj jJ (jjjjb ^y^-J .«<jjXe ( _ r a.lj_ua (jisjl 

jj^aJI)) (jl J J ) ■<->" i_ui_t<aJI (3-a (jl^ <j| J in jl <SjjJ>JI <La.j «t 8 la . jj^JI 



.jliol 7 Ljjiijtj iljla 27 Jijj JjL (2) 



Lf jJI 4 I 4*1 " nJI CjIjIj," II j <jkjJ-JI c-il I <A IU .«^,Luaj}U 6,lj fl n j^ij |J <jj| JJ-u/tfl 

La-iV («<13QJI _>>=Ji))) Los Encantadas j-aj L^jlU caJj j>=JI dl".» 

^ylJI <_L3.!!>LlJI |>^J ^1 i^ii Jjjjjb Jj-oI Lojjt dJj j <^LiijVLj Ijj r^l j^VI 

'^Lj-^lj-jlj (I_»I_jjj_Lsj (JLjjj_lu_j_>^ uLlu (£j-uj jJ-j f-J) <_LLLa^o (j-o 

j I gl i j < j'i n mil j^aLj , i kM ...II ^jj L^j <i ,*-.\ A. Lcl^jjl jjjaJI aj-A <j-o 

(_5jjis (jlujuj <<LoIaJI oljLaJI ^1 jjVI a jfJ j .obLlJI (jj> Jj>AxJIj '(JjJ'ill 

(jjJa ' (jl^ II 4 'j la J II a ■ I ^j-S IjLa. 1 a (j n _)j-aJI i " i jl S <1 ilka *j j Ja^i m La^J 

j jjj .natural selection u *^UI f-LaijVI jLiJ SjLc. (jjjjlj Ijjlr 

^yic tik^^l n 1 1 <LL3 Jjjj-fiJI J» aJj ^oj '(3 II j^Ualll tij ni l" ^jJjC jj^JI 
j\ ^ n m" Ij «j (^jL^JluJI CjLc j/i^> n J jjJi <jLjj*LaJI I fl 'i's I < U mi l 

IL i L£lJlj 




6pI_jI j*ai (S _j)J_iJI citlU'tl (jj^j <(jl*-H (^Jl 6jlisLi ^iaj ^^pJI Sjlj-iJI ^1 

J uaa ^yj II CjLsj I < ft II S j-Sj J-oLiLi Jl jjLo JjL^ I n^'ir (j l n" ji ui / i_l>^^ 28 

Malthus ^jlJLo iJLLa ■ II a_^L. 1^5 j-5j .<JjjJJI j J^Lk I ^ j I e 
Essay on the principle of population (1798) ^IS-uJI ^ illLo 
^ jLLujI ((1834-1766) ^jJLlLo ^Lojji ^ j j ^ II j (Jf-^M -\ * II I $ 

.<L5j_i5JI II 4^j-j< ^ j^J jLualSVI fit- (J^jJfJ oft (j "'Ij "'II jL-saljaVI 
Jj|j>jj in II JJX. /jV j». jj) iua <jj_uajJI jA5 jjl ^ JjJLo ^Li. <<JI in\\ 6 jjb 

I^yJj Lo <JlJLoJI CtSA (jjjjl-l J^JJ (J^*^ oij ^j-S j .4jjI jjJI L4jjLuaj> 



jlj^JI L_}l_JI ol j^l <*l_JI Jl i___AJI ol^AUl 
oj-*- 0 '(1 895-1 825) T. Huxley m< a _>«1«>; JLS cJj 

L$J!iU. _jt£C <<i__ jjjj-i^ <jI^S <_U___}lo J_/gJI ^jjlj J-^alj jSj 

.<£_, ^t-i u -Vs. > <L__J <<j r,,-< Jl ,-.t ^ ...11 <j£ jl_o!iUI <_l jjJL __Ul_.l L_L__ 
' ' ? J <i jii j-c j 4_i ji I d l« ^ j tr\i\ <1856 ^Lc _jl___V t-i <«~ij 4_iLl^_i jjjj 
^11 .j^jj-uA£ j^i^ill j-o G. Eliot cjjjJ <J^aUIj jL-jx-VL 

J-Sj <<j_i j-JLo <X.J_i1 La ^j-ic v__jJt__U s-I^JLJI _l_a__l i_< i uu cJ-ijJLj <J_J___, 

(1913-1823) A.R.Wallace ^Vlj J_Jj a^-l <> h>jL±j> fJ_L__u J ^jjb 
On the u I l ( k.; «>_ ^L. jL.ji_.VI ^-Jl >i¥l L$_il 

<jl — <; .tendency of varieties to depart Indefinitely from the original type 
j-U jij <W. Wallace ^Vlj (..Uj ^ r.l"<: ...V) JkJJ ^ktLJI J___JI ,> ^-Vlj 
1848 ^.Lt lij'i -> a j^Ijj! ^ ol <i__a ^jjjLoVI cAjLc. j ■» mlj cj¥j^-j 
Jl ji -Jl <<L5 , A Ljjjt <_-s <____. <_b_5j_ LJj .1852 ^Lc Jl 

.1854 fit Jl <{ l ___^j__>'_'I ^Lj-^jVI) jj!iLJI _Ua_wJ 

JiLkj <£____Jlj j 8 in II ,_j_o < *t in J i -» cdJjj <1858 ^.Lc ^-ilj-j-i / Jal i im j (j ui 

jji. Sjjj_aJI) Moluccas ^l*_J j-o Sjjj_i. (j-j LjXo ^ - ^ * <Gl_l_-_> 
jjjjjIj Jlo _ djjl <(Ternate L->Lj Gilolo jJji^ 1 fl -1< 1 

IjJ 

J. i_ijj^. iZjLiII ^JIx.j <Sir C. Lyell JJ ^jL___ jj--JI <u_jj__o jl 
<JLLo Lo___j ^1 Ij^i jjy ^Vlj Sjl .I." ml L_jkjj_JL_j LJ j .Hooker 

4j« o-^ II ^-JLllI ^L-la.VI (jJJjb Lj-atla. C.IJ___!iLJI j <_uL_JI ^Vlj 



eliliVI £>L III jloj .1858 j».Lc jJjj/jj-o3 1 £jjtij tr* ^j'yl''. 1 ^ 

jLLLuil o'^v 'eM «j5 'O n origin of species ^IjiVI J^al uU 1 *^ 

On the origin of species by means of natural selection or the 
preservation of favoured races in the struggle for life. 

CjI » t U I I ^^-Li <iilii <Lo Aa. ^1 (jljjjJI 11* <j1 Ufjj'j LT^O 

. (3) 0n LaK iali^J jA <ixi Lo J£ <jl£ (iiiLi»l oUJa a u.fti>. CulSj) tLa-iUI 

pLSHVI > & iti**^ n Loj-aC j i'uj (_£ jJI '(jf Jjlj ( _ f i^ jVI I 'to l n'ft l jj^jj 't '">J 

<JiVI <eliij <jjL-xJI II* ^ 11K <_hVIj J-aU^ LLiJI jj-o .(^ijjUI 

p i n i.i (jl Jlaj .(jjjjlj ^j-ll i_fll mj^VI <JjJ jl jJ>J«-J 4 1* 4^ ill J^J-ll 

Ja5 JjJLj jji .(jIJlXaJI lid ^ <Qj_yLa <^o ^.Aj (_jjJI <L^laJI <_>"VI J SLtaJ <'ij< n 

d5j ,5Jja-a cr ltl Lo s,j-<lJ (^C. jJI (^Jjij l^jLl <J£j2JI J^jia^J ^^JjUII pLfijjVI 

^U-jjJI ^iaU 4jjI^MJI ijjLjuiJI iiC^AJI J^kJI 




(j1 ^ylJI pLj2.VI (jV IdA. iASj ft LjJLdaj l£S <<Uaj ■ Sjii ^»j>U II plijjVI 

j j V < I jl "i ^ Ij >j >j iii 



11a j <£j jiVl J^a! j-o j-uaj JjUjj Vj fiilu=VI «evolution» <J£ _>^Ji3 V (3) 

.<] ^jok ^jiilij jjjj VIj-uj Jljj La 



^LuJI (jm ^jji ^JLuJaJI aUliVI jjJ <-tuljJ «Uijj <6jjj^ nil alia. 



I. -I 



<LAjIjj^. Sjj^wj-iJI .-.I i ^ II j oLjLijJI ^ ' ft -» I I (j "i A -\ " ml ^J} jh'i II I \ \ I f 

LiAjl £-jLii si I in jjU" 1 j .Lj_»jXoJ <jjLL1aJIj «LjL3^iJI <UL»JI ,^.4 LAj!j 

jjjj-J <Ujjjj '^Ij <L4 ; xxu_ ) lLoj l ^ i . n , i l j ft j jlajj 

<jLj < j-al jVI <>a 4-L...J ■<■ ol _>-jiljJI I j jt jl "»->"' ^1 iUj m-JI <lLiJ| 

^-i. ^ iljjJtlll Jj_>j <lia. ^A£. ^JaA jLUki ^jjjaJI JLa-JI 

j-i-C. j\ tVt I I (j-aJ>JI £-a JJ II (jl ■'I'i'j; 6jjJaj Jj-H-J LaOxC £J>JI Jjjl^JI ,^-11 
jj laJ II ._.**>«■ ■ *« q j a II <jl <_i^» f <<J j) m",1I iiXa. <_i 1 iri ) j-al 4 ij-i-> II 

(jlaa II jo£. ) tAiLlJI 6ja ft \ ^jJI <^gj II tn ~> ft II (J l a "i uuJ JIM II JjC Jjjj^Lc 

jl_a_iLj jjjL_lu <LLaj 



4 i I, 



jKil^ oj^j ^1 <neo-Darwinism <3dUaJI <11jjjIjJI J ^modern synthesis 

<]jj_ue>ll ^ « i i U II ^jjLllLj 4jtlaLLaJI jlfLiVI jjjjLjJ CjJj. j <<jIjj-!I a I ■» i J) I *"'"' 

pLsiiVI ^ ^li <<iiiaJI .jJhc j_u,LiJI (j^LJI _>j^Ijj JMk observational 

J).' I "' II ' ml "' ij 'Q-Q in n II (jj-^-M (j-o Cj\ i t m^LUI Jj I -» \ jJLa ^ » i > t-i II 

^^ic J 1^411 Ijjk ^ <Jajlj Jo. ^1 <j iii ^yjjLfl <Lijl Cjj^it La£j ,Cuda II 

. JUJI J^l 

(CjjjjID JjLs) (JAjJ Cf^- *L*J .1 

^j-^ i A 4-ai f<JLl ti'ift clones JjL^uj o mm I ^U* * ^jJ> aLAc.1 ^1 11a u 'hj 
<jjji^ -V^-j <<j!jjJI <f-ll <>t s^ii ^1 is^ H ^ (^y?- 

^1 g^l ft ^ I ft (I 'l J J (jjjJIjJ 5 jj ft ft II CiLa iii II I (j 1 1 Jj.Tt ((J^jj)) 

aj,ia"»'ift I o 4 mj ^1 Jj-JIj <«_ijijJL*JI <-JS?L J j ■> II lj-4 (jl .«£-j-<JI 

^jj| ^.cu^^l 5_>1»JI ^a^a. Ca^I^ 'jjialJI ^1 (j-fl^ (jl ^ ^ 



4 ft I (^j-ll G. Mendel Jj_Lo j^JLjjx. <jj_«dLa ^.i alj (j_e <JL^j SpI^5_» 

.4"iK <nn J^. 6Jrl uij ^jJI ^-liLdl 

J-S J <SlA^.Ij Sj-o V[ *tj V <J-i-9-ll (Jj-o <^IjjVI (joJ_i .SLa^JI JjJ5 ^^ic I o '» * 

* * * if 

— ""ft 

<jjJ| pi " t M< I) <_fJ Jil jJlLj iiiJ >jLilJI ^ ialj-iVI .Sia.1 j SLi^JI 

r> .. ' * 

p-LVI Jl» Lojjj <<LLill JUa <c>l j i LajjJI^o <L»Ltj »*>"> (_yjJI Sjjj^ll j SjJL» nil 

.4JU>JI JjJI yi ^^la-ui^JI <likil ,> 

<jjJI £j> jj^o <La. j JjAiL > . a Alt ^^lll tiLfc ^j-A <^-a.LJI ijjlll .3 

a^fij j_jlllj <lA>. Lf-afi f^^l (_jlll S jlf^l (_>uI-uj1 jJk tj^ajl 11a .>»l£iJI ^ji 
<j itir £ uutljl jjjill (_j-9 <jjjsJI f^jlia (_£Ju_jj> ^ *> j QJ II £-LiaJI ^Jl ^jj) ft" "lj (jfUl 

.Jx.) Lfcj^j dij <«jt-LoiU pLSjJI)) ^ & <H. Spencer j n/n m o>j>a jj& 
Lr lll ^Social Darwinism <±c\ n ~y\ i^jjj jlj ... ^ (Lij>£; 1862 

jj ^-jij <C»l » alLa "II C>\ ' "I ** lj J a ■ *" I )J « . .Ull pLsI^^U <lL_usVI Sj^iJI I j 

^4JjjJI Ji^jj Jliuiil pUJVj <eugenics J .»jJI ^ m^' j»JjJ Jlj 

I i^.^U pIXJI» jjLi <ol J ». .till ^ JLaJI >* La^j .racism <lS^»Jlj 

SjJ^VI C>La JaJI <JI n%"\ ml (^ic <j-»iJ^ CSJ^^ J <j^J-> (jLj __>Jj^- jl ^ mi 

.Uj c^jljj ^1 SjiiJI <uU «Lil^ 

j_j.fi >loaJ V J jjoLaJI CjijJL LoUj j^jlL ( _ f jijjkJI f-LSliVI .^liJI j ^LajJI ^ 
JjlSj i.inll t jj^xui <J ifi" 1 1. oil ^ <J cilujj Lo ^^^> J UfJJ I jLi .>_jil jxll 

' ~» 4 



i_< mlLaJl O-S jJI ^jJ <f i*s i m II 4 1 (j j n (7 "'*',' "' tj-^' <LaJaUI ^j-^C- <JJ-aJ 

I j " > " A Ctll^J <<UjLfljJ <_}J jli^U ^^Lxu PJ-ual) <\ ml in-> II .(5-1 J*S mil) 

jj-i ^ J-^»il j^j^LaJI jji. >-jjj_>1II I j-A SL-aJ a^i ^ji^ ^a. e-Vk* ^ 

u (jjLt^La JJU> j i II (j > m-\"ll i ..i OjjJI (jn'sc jl <L!ljl *l l-i "iljj Sjj^JI 6 j-A 

<(c_;>U cjVU-o ,ji (j^J jjU) JU-JI II* *VL£ squid jllaJI ^ ul 

« « f. 0 $ 

<b£j mil ijj^jjl <U£. jVI <Ui CaJlBj (_g jj 1-Tt jj^Ja J^Jo ( _ r k. CijjLj L^iV 

" - - - ~ 

<L1aI jil J^-lj ■_!_> )UVI i-JJJjJ (_j.fi 4-oP^LJI J-A Jtto <-ajJ .P J . All 4_tuLIuaJI 

^JssLSjjj JjI A. ^1 I VI ~> /i niij Ij-Aj IaJIj m j Till -> n II ^ Kl £ij 

La^Li <jLa <lungfish (5jjjJI eLaJUl ^ j< > o i_LLuj ^ <gV ^L^a^JI ^lia 

Lj-ij-o JiLuiJ «»LaJI — la ■■• ( jl II mil I fl I c- 1 ^5-^ II 





^jJI i^jVI yl li^V .oUjjiJI <j^J fL*JI ^ jL^JI ^ JiA]| ^ .5-1 JiiJI 

1 jl i-> II jlj_ij». <_mjl in-» S-^' 6.' ".'II J** 1 " II U^iJ <^jj iJ_>jj 

.lia. ixILt _ <-ijj-II Cij^ttj ( _ r lll - Slj -« II j 1 a ^ji^. plajJU .J-H j . ...I — . II I - fl * - 

ji ijjj^^SJI li* ^ j»jJI l 3^ J -^' :cjLijJjJI ujjjil <JiVI ^jlc <aAa.l j Sjili Loj jl <<ijL^Q-o j 



(J^~o «-o 4 n uiUli djlAo (jlio ^1 jli j <SnOUt pUa ,11 ^^lcl jji Ids* LttjiL, 

.6jlk~J J>a.j IdA ^ (^fLj jj .(6-1 J5L2JI) ^Lt_UI 

SjjIjJi tills 

cU 




liiill j nil (j-^f-VI j>UlJI ^ji ^'l-s'j j^i^LJI j «V%|~ 11 (j^JLl ^jic jji.f Jlle .6-1 JixaJI 



C*"H (5 J J^ a j .t, . J. M a ,4_L^.jj^j <^ n hi LL^. a jl mijH ^_fl J< ijJI ^XIJJ -CjI jj T'H 4j ft i n ft 1 1 SJ^^VIj 

^ fill _>_^ (J^Jj (^jJI frLoJI JyS ,.,<^1 " *f '"^ ^-ui^J Jj^ j^iXoJ! ^ J_OJlLlu_) J}U ft k_3-JJ^iJ 

^l JUSVI oLjjI^- JS-» < JjuJI »<~'li j^JI iil!uJI J«*"i ..i'i j .gills ^ AL^aJI jjt j_>Jaj ^ 

. i'ill-t II oL-ijUl i. i\ in J-ij '(5JJ_>JI ''In mil (jj LjJJjJ ia-cujVI Ull^ nil 

^jJa {jC elj^JI jJjj .J=ii j» .till <LluL*J J ml ,hj JljjLo «j£J ij>^JI jjJI j-oj> _>jli j Vinl l q'iS j j 

^jj tJ ja.jj-oi!l jJill Lft-J {^LiiJI flj j i ^» <Jj^k^ 4>ki. Lfjl .ijil^JI illi-cJI ,^1 Ji-AJJ j»-sJI 

A J^JI ^Li <JiaJ1 s. j-uJ J .»l ^yfjl yS/l jj^I'mll Jnt* iti*. 1( >uVI Uk^ fill (jj ?U»«1I rCiLlJjllI 

,^11 j^UkJI Jj^-Jj '5^1^! i^al l Jj^1= i> oe^JI ^1 sljfJI J^ 5 <^ tl) 1 " j^UkJIj 

■ jlTl-% VI ^lu>. ^»JJ <jk jj inll I((_jjjiill1)) i_jjj jllI Ijjt £j\ -n^j^ll jj_>l= SjjuJI 

cLcj^i i L ■ a a <OV <(j » . . L II pi <"'>VLi j t'i'ill < 1 ml i.n l t^)^ n n II jjX (^j-o 

JJaj 6 Jli in di L^-jt <ii j JjV jJjj ^^jJI Cil Qj*\*> II <jj <ULji.1 4 uiil'i~n 

if 

^Ijjj .o^-oJII ^1 ^ jJjj (j-aj-eu (jl Lfj'V <l *ijlf . j^^- «1_Vj ( 3^".' 

iAj u'sSji r^'ll infection (5j»mJI iiaJi Ladle <jj jjJI SjjI^JI ilJ-fill 
SjjlJ>JI ^ ^,a."> <hJI ^ijlll (jl -(».jJLj 5jj jjJI SjjI^JI j ^Jj ^jJI ^L^J (^ 

del 111 1 ^jJI ^< J~ 1 (j al a a il (^1 (jLs ^Jj (j-°J ,a LijjjiJI ^j-oj 1 0 >a 1 <jjjjjl 



oifJ i-toj^ a j j ■» 5J-jI j <jl .<jJjjJI SjjIjJI j -s l-< iti'iTt Ljj"^ i II 

ijAi j Soil jJI uLflJI (jLs I jJ <S^-^ SojI j ijl j-aJI 4 I ml mil 

JiUL, 

Red Queen al j^aJI K1JI ilLi ji j .^1 ,..'11 jjL^u ^ » > U It aULLiVI 
LjA,"! Jail jUIj i-uj jiLJI j^-jJI (jl UjLLs ^1 Sj£iJI hypothesis 

'J ""-4 |_jjul_)ILsl .".I l'iI* j . , ,,1 j .j L". . ^gjl j i A || | it a» jjjj <6 Jjlj <^jJLM 

£^j-luI Loj3 jl Jn ml Ijia "' uu LlA jUJI jjjjJU .JiLaji J-oJ«_» ( _ > njlji!l ^jjjjj 

.Sj^a. JJ^l Lit" iJli->" in i 4>_jjJj lj-Aj 'La (jl^o 

j >"l ~ I ^pi a ^"1 ko-»I 'L^aJJ J-a-Ll Slj-Q tl i A it 

oLuKU J«" ■■■"II JJ^I ^UTn <t> » mUII f-UljVI ajj mo (jj <jjLj_^iiJI 4lijJI 

Vj .jJLvll ^ La i.ilj VLuaiil < \ u~>\'\n fljiJ ^ JSLslo Ci jjCt j^l ixaJI 

LiU4 oIa convergent evolution ijjUiJI jjkiJI iiW <j^-° 
placental <juu An, II c^LujUJ (<U j_^>! j jim<1L£) iijl ^aJI jj^JI jjjj <> 

LuiLuiI jj U"j <jjljjl (j-Sj (jjja.jLk ( jilt's I m l m l ^jj'i-N II jjJaJJ ^jJjVI ( _ J -ii 

LjJI j"i ml cJ .-~a">l Lej'tf. OjjiaJ CjLjJjJI <Ljlj^J1 IsLojVI jjLfi IjJ -^jJI (j-S 

liiui uj^La 65 Jj5 Cenozoic era d^d^JI >ajJI JMk Ll^jLiiVI ^ 

liA •(^"^ mil) Jj-*-" ^llVn l4 n~* i All ^jj <\\j mi JlLa <VI ft i t i . ~i (j ~> j3j 

6j4ii^ ^ < j .tij nj in o ^jji jJs j ,(CaniS lupUS) IA\ n in II ._uj (jlj 

m<~i ml jJj .(Thylanicus cynocephalus) j^JI ^1 n II 4x5jJI 
ojL-VLs :(8-1 J1A1I) <^Li^a Jji^ Sat ^1 <^LUI oL^il ^^mUII cLSliVI 

61 ->•>■■■ <j .t,_. (Glaucomys volans) j^LkJI oUi mil j '.(Dasyurus maculatus) 
o-j-ojJI a j mj (Marmota monax) Lj-aj_Jlj <(Petaurus breviseps) J » 
(Scalopus aquaticusj JijJLaJI j_L^JIj t(Vombatus ursinus platyrrhinus) 



Jl n .nil »L^jLj Oaiiilj (Jjjlo 60 4jl>5 Jji liljjjji <jL> (^t Uljiull jj i<-»S"ll .7-1 JiiUI 




jjJajJI (jJt jii (iJ^JLLo CljLS (<JJjjLaJI Ldl_>i*ul (^1 .8-1 J < H I I t 

.(jjjjljajl 

fMvs (^Jj-LxJI jUJI <^\j -(Notoryctes tryphlobs) j^JI 1UJI 3 e a j 
(Antechinus *\ >L«JI ^1 ^Ul jj JM jj> j .doppelganger musculus) 

Jlavipes) 



<<UjJJLaJI lfL> jj! j <-JI n in It 1*^ -j 4 jjJ <__u (jj— J-° 3.5 J^-j (Jj-S <Ljjl— jJ-ll LaljL 

.(jjS _>_]! ^ ,Gondwana LMjjj^-j Laurasia L-JjJ <> (^ixLJ l_il<: _4_1JI 

O-oLfl Lojjx. liLljj ( a » 4j'J .» H _Jj-VI (j-u djL*_o (jx. j g mj j»J Ij-A ^Li 

£_o pLLJI J_vl (j-o Jl " j I I Lij__». aLa-iV-i Jl n £, II __i 4 II oLf- J) n-\ n II 

I 'A il t. Jj <>— )J ') -> II __fl i~i *il *s — I "La-jlj-^-ll CjLjI jj ^ I I CjLcj n -> o 

4 t"l i'i II 4- i Jl Jj— (<;_ — la j iiif Jj^Uajl (j— j— -— «l Cil lnj -> n II _|lj^$J ' ujIjU i«~>l 

5 jJLLI Sj.-Jj j_i^j_a (£j-uj ci m > I <_ijj U " II i_>j__JI ^jLi <_Uj j— °j 

d^LLlI 

Sjjja. cJ-C j n-y n jj^Jalj — ^ n uu Lux Ijjkj (^yfcl n-^ I I 

_jj L__ ^^-L« jLoJ Ji^-o ^JbJI jl ilSLiJI Sj__JI ^ j .catastrophism 
L _*_jjj_l oLlIII £Jlc LajjI ( _yjJI jlilll SjS __>-> <£^j _)Lsj-> SjjU.mj! __s 
Vertebrate <_jjLLLJI j_.JLa.VI j_-L_ J-J-J-oj ^j-U j-h-_JI j_ 

_,L_j_>£ -J^jjJ ".j^ ajj^J' <paleontology 
j_t Jjl_-_ ^.JjVI <JL___i ____ ^jj .(1832-1769) C. ,F. D. Cuvier 

\Xi _ij I ta>jjj ia II ^ If. _)ii i nitj Jjlj J-aJk! <__] <<LuyjJj) i -s II jj i «n II »L— — ul 

jjjia (1797-1726) J. Hutton tj>-« 0 ii nj;. J <Aij L^ ? .^Jj ; ±aJI J^ji 
JJ jJjL__ 6 ^oJI <Theory of the Earth (1795) ^jVI <jjl_i ^li- 
Uwa.^J^a II ^jLl_ J^Lx,. ol,iU q i_^L_ ^.i (1875-1797) Sir C. Lyell 
La_it Lj-Lo jjjjjb J__v _5j f 1833-1 830) Principles of Geology 

l_j-a) *>J_wl^JI Sj—J^jJI Id— ~ J— Jj JjI J-Sj .( J i i i 4 *i i fl in II (jj-a ^ If 

(_,_> jSU <^L joiJI 4 »j.UII J __Lc (j-Uj ^Ul .uniformitarianism (jl jivi 
jkj__a La j^--it <^Lsui —jjIj^ <ji (jVI >-ijj— i Ll__J .j*a" u,nj c-_-1-j Jj->" i 

St 

I J *» J 7> ij j-o (j__ j—J jjjjl CjIj j < < - »l 'ij dJI ^jn^ (j- It ^LaJjj ^ .A a -IjjAJj _>_>jVI 





» . 







L$^>l jiil jtii jij .^S/l <uic jj» La-o _>jj^j (j-Lcl <fi (5>?JI J.*? ■• < ^ 1 

^Cil Ujjjl Jj-o <^>-J-cJ i_ll ill 

LA(iLa_uil ^_oj .(9-1 J£_jJI) ^'sj" mi^LJI LIj^j^ W^* p-iuJa ^yiJI 

West Country ^^pj^ o °<> jj >Ljj ^ a <<iiJI p lkS -^-i ojjlL 

jjjJI Lf-i-oj) Cambria Lj uKi :jj_ucJI IJLs bj> I ml (lj" K'4 ^jj) 
■j'.'joI.' '"j Ordivices j_. £fi >l>1j JjJj>l fj^S f-^l >* j (Cambrian ^^aSJI 
>«l ^LajoS (2)La-u*l (cgjjlj '"II jj^'j t> ,!*■_> S j jj VI jjaJI I q *i q j) Silures 
yl .^ijj-jjJI jjjJI Devon o>^ J <>\J 'c^-^jj- 11 'M- jlJI J-^- 5 u-» 

^'j ■- j.'V 1 j '(f^^ '-'.'''*") Palaeocene ^\\ n» ^JLaJI f "V» ^-a j :L* j^. 
4-aK Jj-iol <^jluj5 d-ij.At mj .(^ijj-> II ^ J^) Oligocene <(^uaa, 

f«LLa-^-lo <-Ljj-L_j jljjVl j-i^ luj I Sj'sj a <JjL^-a LLLj g-l n" tuL c^^kl o uj| 
4 j_4 j f jljjVI jjAjj s-I o ml I (j *i ft Ci<"i itil ^^-jJI J J-*-oV I ijl _>-C. o^fJ 

jJI jjlJI j .Tertiary cJLUI jjlJI j JYiassic ^j-uiLi^^JI jjsJ J jjVI 

.Quaternary 

(jfJ JfJkjJI >A (gj j n il >UI I jjjJI <jL^-j ^j-S olj j .ril "ij dJI (_^s>l_)ijl jl 

^jJI (^jLujLJI diOiJI nk* II ilj-=vVI (>» JiVI < n.ft-^ 

95 ^ (ji>>Lil <(L*-^jj SxL .Perm) Permian ,^-o>JI 3joJI 

icj-tuj ^ mijSjJjVI jjlJI (^jjl J-4 J .<L»j^-JI CjLlljJ^JI ^Ijjl <L1aJL 

(Jii (1;^j_iiiLiIaJlj <<lxu JjjjXo 350 ,_|as ^-LuLjill jjjJIj <<tj-uj tjj-ii* 250 ,J^S 

•LluIjJ (jLs <(jul_lJI (jj-j jtJjl « "i j 'I «* cl j Oljj ' H (j^> Oj.) -> * jjj K II CtjLi Ijl (4) 



Aa» <Jj(j -s n cJljLs CjL^aljJ&jVI p Ul o i_iL±jjj| I j-A . <l i . 1 1 ,jJaL» 65 

tdljl i i II CjI QiJ ir~i I (j 't o iA (j_aj (C-lj^fl {_j<~t i \ \ -y^-i V <J-J-»— » 

O I -w ^yJ-ll Sj j^>jJI (5 ill j a t II ti in CjL j" i n n J J-jJ i n I I (_^oLLi-jVlj 

Jjjlj jjVI JAjljj <lo=k. <jj-o SLwsJI (^il i<JJij cA-ual^jijVI 6.1a .(jijVL 
£ jjill lj_A J^aaj (il^u (jjj!iLa 10 (jJI 5 JAji :<jJLc <£.j^oj <jlr Lo ^1 

^IjiLiVI I *l ■ *«"_» Lo LJLc «Gl Jj <u i>l_>ijVI Jai CjjLlu cs JLl1 «GLj" i.i n ^1 
d ■ ■ A \ d . >-j a j.'i .j ^1 U ,". I g ■> iALj CiLj I J J jj-jl-JJ lj I in <l 'i" n II i r i ~ *S I 

Jjjl j <Lj-a-Al ^-CjJt-ii (liljj £-«J (u * ' '"'J a '* a ^ (_» t*i"» in" "L^oj-fiJI 6JJkj^ 

J| ^Ja j n~ j n'lll ^1 II £^illi .liilj ^yi iaJL-JI i.i^j }Ls f^l^JLiVI 

I jj <<t 'i in (jj ' I a 30-20 LL^j j-oj JjJ-=»J CjLl^sI jjS-iVI <4 *i i ii jj-jj-iJ-a j^-'l 

Lfjl oljj i^i I 'tjaJI iLa. pj-lu (j-oj jL^ J » t ' _>-L1j 

L\i! 

<j i tiill Lfrji (jiuaf ^jlll <1iaU «Loj}Io ^ oUoLuu tgJJ^H JaLta-JI ^1 <jj-iiiJ 

u-aljij'jfl <_)l .LjJllj <_jj I* > II Ir ^jVLj cjLWI mi 'i II 6j_4 cxlAS Lo_jjj 

«ajHII» (j-o LojliLo llL=>. tiij^j 11a ^ self-induced Uilj ,t\^"\ °<*n\\ 

f^Ji <j1 Lajl m"i jiij j (J ->j ^>J^lj .pl^jJI JjlaJ 4jjljJI SjLVI (_jlc. Sjjill 

i_iVI «ft uaj JlS jljiSU (j^-af Ladle SLwiJI OiS (jJ^. ( _ $ JLu Jj! ,-.1 a ala a II JjL^al 
^J| <^L&jJI j j I n,S'\f Lx^. J-laj (jl ^ ttJ a a I (j's n i iLi iSd^lj i A t U a c 

^ n"i n I I l j^-> J-Sj iJj-u^LoJI cJj Mir JliJ «lUI mil j Jji Lj_ii i'II n ) 4^.jJ 

jj-lt. 6J ^a.jjJI olatAla-aJJ <Lalc SjtLS ai* CjjI^ I jlj .<La>jjJI 6JJk ^Jj (t;j ijuJI 
Lai mh 1 1 <jl j^JI oLa. j nU II ^a^t 'i jjt JJa! jjojL^uaj <Loji <<Ui I '■ j£ 

^/ij in fJiVI (_j.lt <Liai»l_>ijl {£1 <<JjL41aJI ^.J^JI Jlj-^ II (_)<-» dLloj (^jj 

i o lj i Kill Luaji 



(jjVi) o^yi 



3 i&aJ 



oLliJI .^jVI oLiL jJI 

((J J jVI u n«Till <jjIjj» ijUljjLaJI 
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jljaVlj j^ijJI ^1 ^Ul A— VI t- ««>.>VI y-U <^^J^h=JI jj-^JI .9-1 JiAJI 

j j , n , ^ i il" i - » " 'J^ J CSJ-"' OukijJ 



LljjJ ^j-Sj-i (Cj\'\ \ y II j Liljj -s, II (jj-> II oMcLsj-11 au J) I » "ij I "jij 

J^-S . fLiloVI 4jlf C5>^J t^jJI (jL£JI 4 a j i U Laia»l .<jj£jj> <Jj-lu1 Sj£. 

Jit a" V <? <-> II ciImKII (jl .frUlj^U Sjl^j Lg_Lua^j ^l^jVI jl ■» i j . J 

<L*oJ < j^i < JjJftJ 1. 1 ft II V (jJUaiaJI *U"uV1 (jl Lo£j .Lftljjl (jC <jLj lu m 

j-A j <(jj>i.l jljil £A (j.itl mj J^>ill .Clan Sjj mi»IIj if.Lo.aJI V 

L_iJj3 ^1 ^u^dl oLkjKII <t ja^.^1 „!_> ^ jjb Lie. jh'ill ^Li; <^.UJJ ( _ r «-^uJI 
^ J(i 4o ,:l | nj V j <(^LiVl J jl uJI ^ j j-all ...IT.II ^JljJI ^l-^'.jj .^1 ^Vl 
(j^. <jLjJi (jn a \ IL» jj4 II ^1 (^jJj £j j j-i-c. dj I i u j_a j <altruism jLijyi 
U - 5^,ISJ j^S V JaluJ (> S Lcl ^ Lai (j! V 11a j . (5, ^i,^l 
<_jLj ^ (_jLjj L^jI i. a iti't'si < *_i jjj (jLlj I j i^i ~> 4*i 'i Lojjx. Lij! jjt iaJLs <_»*> » \ 
JjLIaJI jIjjVI (_j-ij ....ill-^ nj (jLi.^1 ilj j-A jLlVI (jlj <j»-liJI (j-o ^, jUa 
<£j-iJI . ^l i -<~_» ^jJI ^Lal^Vl oSxJI ^ (j-l^JI reciprocal altruism 

<la. oljSl^> J-a (jjljLjJI (Jjjia (jc ijjLjVI (_ji t _ J -^JI (jjlill (jii a i. i j i^JlxaJI 
^■L" ->,_) <jJL_usJI j^LiVI ^j-S SOjC,! mi a II |Xj 8j ^ill j! dJj J ^uLJLo ^ 

.kin selection v jLSVI ^LSiil jl^VI (> Lolll ljj» ^^..n -<^-* Jjg m.u 
(1964-1892) J. B. S. Haldane (jj^JLa i^^JI L^^Jj^l jJU ^Li 
<J (jjjAl jLiul dJj < -> cxA£> Ijl ^ijji-i Ijj^u-q (jj)*sj iii <jlj SjiaJI ,jc 

jVjl Lol '.<G\ \ \ y i 4 tr-i't < o ml tj m <Lj^o^I (j-a (J^i .<G-aj n f pLljl (j-o Sj-ijjX. jl 

(_^Jjj 4^La^ fif f-Ljjl (jx j n\ jLijLs l,.\*S ftj) «Gl *' La (j-aj ...la. . . . c d* «j »r 

i 

I'i'I'ij-% (jiaj (j| .((cGl'n-%)) <!-» I ^ jj'sj m aj .tif jL&jjj <Cil'i i-s II JjIjj 



■ Ci l*M-> I I JjaC 

■* * 

S_>Jj-o crj."" ll t~j^ Jl a ,,j|j .'tji ...H j_o one-to-one correspondence 
^l^J ^ *>_»-> 11 _>ill) genotype ^ *>j-> II -Loll! j^J*. I dliA l£i c>u*St"ll 
j'sn m -((^>JI <jjLjjjjJ1 q mil) phenotype ^jjiUkJI LuOJl ^ 

J iS" .ii n II - d ■■■* <dJj £_a 'Lfj^J 'J i ill Till Lplj <LLa II ol'i'iKII ( _ > Ajuj 

■» 0 "'^ I A ■*■! *' ■ jj\ . I (j i o V Jj (J-iul *'" II I (j *> o l>ia. (j-UJ_>5JI Sifcl h i o |_*)JjJa (jc 

<LwoUJI |> d " I 'm 7 (*jji>a_ij U-^" <a.jj ,_JI j»d " ! *».'? 6^ *^*^ 

4 \ ll Ifi n II m'lll Ij-iJ^ 0' I (| d *' " 1() 1 ml Ti Jj(| in" 4 U i nl^j 

. ^d uiaj L liliL Ijj»jSj (ji j» d 1 ^ 6^ uJ J ffl"^ *'.'"> ^ 

<^ J__^i) "' 0 (jn il n II ^-jLaj ujIiu ^Jb ££j^al ^ 1*^ n < *-*J 

j>aJ SajLs (jj>^* d)1 .ioa-j j-Bj .(^j-UI) (j-Itl ^g j*i m c £>LJ. 
^_SL*Li J d iii i < <<-ijjj-i" aj i i^-i i d I o j "if J_>-fiJI (jVj J " N -j *jl-^> 

J i/il^-l 'IjjLj »I*X*JI (jj** ' I o J-i-xi . 4-C.J n -v o II <La_Li«ca-aJ (j^lAJI <£j I m 

o-J j^-il f<JLa!iUI JL-aVI ^1 , > d" 1 J-^j J-^l^-ll jIj-sVI ^ 

La. jj .("jjljljVI jitlKoll ^ mill iiirtl ^iiaJI (J^-illl 6J0a-j 

^jTi uuu *.UiiVI <group selection 5 ^o^l f-liiil ^Li <<laa II <jj^UiJI 

( «j »-> (jl j»i tu Aa^l hi <i 
^jij .(_)Aia.l ^gj" i H ft j frUaliV j 7> (_g^\ Jj- 1 ^^ Sjlx. I d o^- 0 ^ 'jJ^VI (j*j 
j^aj ^ '^j^JI ftlili"iU I i^.l -*> II 4JUJI ^'t*;-! ..1*1 LLi! LL^Lil IjLj t *LLijLJ| 

^1 » iti 11 ^ ^LiJjV J V (1 j*\ A j :S>ojJI ^ ^ua j>j bUi** pi tu^H S JJa-o <J1*V 



I lAjl Lia j <Animalia jjljj^JI <SLU^ ialiJ <ljj!i£ ^jltl <sj"\ m.q ,j-sj <<^jUIj 

I (j J -^j" ^jC _>ialll £-kJL *l »-v II ^ If ^IaaJI jjV Jtjj-J (j-o I'nflJ V 

jlj-sVI LZJ~ "* a ^ .' *' t-o^-^- j ' Si LaJI ui-ii ij-Lc »LLxJI _>5t ^jl . ja. X J a jl 

i^Lii (jjjl ■« "II LijJ IjU <(jVI \±*. j»4-o JjlS-Jlj JjLsJI (Jjj (Jj-ill (jV 

o-» uV <^jjJI J mo Jji oj-o LaJoJi ^ijj -> i ,_jJl J-«-oj LliLi 

jjjL J^ia^ Mammalia f-ljiVI ol jj > i'< .r-. ,jl .LLLuAi; I jjU ^1 ikj^Jt, 

i ^ . ^ * ** o o 

p-^^-iiiJ _ L1a^> (xf^ jl jj-^ J^Lf J ''-°j- a - t j - 4*-^ J^-e 6^ 

ijjjialjj^il .-. ... .I^j t^jjL t -aJI ijjjiolja-ol Q^ljoo L^-J^J <6jJL=i. oljjJI .IjJLi. Qj^-l 

atljUl,,) ^jj>JI DNA UjJI ^Jji l^lo ^1 oL^^I ol oLiSlill 

it i 'l V I aHj LoLaJ (Qjlj <J^a. jj£ (2 J ir-l i II (j-S 1 j "Ijj'l III j^jjJI «oljJjjJI 

** ^ ^ 

cLAj! IjJLL ch ujJ <<lLk (j-i UaJJ j^KJI J n< o II <^jJlA ^. j\ II 

meOtlC ■ ° '<■ > II ^1 ...a'.yi \l ^ ~l SjLx.1 ^ " ..." if-LaX. j^-ijj ^~ 5 > <uV 

j '«_'■>.> (_>^»U"i mm i^a. < 0 ni't-^ II J i ill mII Loit ^recombination 

'(^J)"' '"° I'i't'sl . (LoAjI 4 j I o » II 6 j-4 <Ui (jti il ^jJI 2 J-uaiJI jiajl) 

J^j^j (jl J o" ^> t < *> i II .1 1 1 nil i" Uj 1V1 LjjJI (j-o ^ i iAi U i j_.li (^y-Aj <4 \ i ~> II 



Adaptation and natural ^ - > u u ..1 5 ' 1VI j ■ a*<- I I j-ix. ^Ul . ■ < "< I I 

iii^JI <Gl G. Williams ,>Li1jj jrj^e- 'Selection (1966) 

* * , t „ „ 

(j-a Ijf^ I J AC jijjj (jl J n" ~. 1 < 4_l_o J j j^i O-" f .>?" 0S>' ^ (| * ""0.* 

The ipLVI <i^=JI j.n .t.ll Jc£A\ Jj .&*.*.iUH *liii}U Sa^j fLL« ^jiU 
R. J^jj j jl .t.'jj j jji < -i ol ■> 1 tjljj-> II £JU <ui£ ^Ul selfish gene 
«j j ...Li <J_jji»_» Sj <i a II a3_a ._i_lj_<JI <(1 941 j».Lt jjJj-JI) Dawkins 

jj ■> II ^UajJI j imTm <^jUVI * (J °j ■ a!i (_<t mj II jjl i-Sj's i a*\ iti'i ml j 

.jSlSilL l^li ^ iisLaJj biosystem 

£_lojjj <<Glj <<->u <4 j ft ill <UL»JI ijAii ^ U II (ji <Lo, ) a ft II ^-S Cjj^J 

<Lc/)jJI £>AA (j*^ "JJ . Ajj -^"11 ^j-Lcl CjLjj )" h i o jl n'f .l JjjjJa O^- ^ ~> ° 

< JjjjaJlll <L>lc^J I j l*«" d .« . .L pi ,i , til (jx Co j£ jj& ^« . .t~ll f-UjaVI -L-a-jJji i Jl 

ijjjfc^a. ajU-> jjh pL5jjVI I p a i <~i j-» <( *n -s II Aj„w" (jl &j 

^gj'i i ..n ^ iilaJ ^»_.;U II tUiiVI (jl Dawkins ,jj$jJ (jU Ia£j»j 

^LiVI <%aJI 4lft»"» in" J-U. J £-aJI (jjlSJI j VJ ' ^ >* J '^Lj-iVI ^JQ-s I 

(jjj J£-£u iitl jJI iliaJLs -U aSjIJ ((^iSj (^j*-^ 'Jjill la-* ^jl) 

J_»-ai1 (jV <l (j iiLuJ J_o yL^oVI jiS 1 jj^"")! j^jJhUkJI I (j U n 'i J J-ApLtj ^j-fcj 

■jjl^r> .11 <1a=JI aSijI-ui UjSj 4j£: jVI 

JbajJI olj <-o ji.t n II encodes ** '.'•> H «'j ^"'^ uj^j 6^ J a ft M 
Ci^Ltj » " II jl <Sj 1 ft 0 II 4 " o 1,1 j| <•> iii~» II J*C A ^jx. <_aj I « o II (Jj-o <^ j_aL1=JI 

* waj ^jLjji (jL^ H .A,; <(j ill ^Lfijjl ^iai ualJ <LojMll ^a.jJjjJoiJI 

cL.aH strands metabolism (o-^VI) v ^ r. mVI oLl^ 

.ii^JI . JLUI Jo^JI 1A± & Ji ^U~JI ^oUI J 



L$ Jc LfM-ij SjLc| vj^j AjjL^jiiJI ?lu-3.,ll <jV <SjJLL < < t <LjL^ LLS I4i.ua jj 
jails ^ j (Jj -^a" ^ LiaJI ^ encoded s^j-o <-» Jl <jj£ <\»5^ j . J jjJI 
^ If < 5 j 3 -> II ^ _>\>j LiiLi <pLLSJVI Sa^.j «i *> j ■> II j i"t « 't L>jjx.j .JuLJi V 

JJt-o <lix=>JJ pLcj <(^aJI (jjlill a iii-^ Jio LoLoj < iS &J <l (j L&jj ^yjJI CjLo j J .» n j l 

jfLaJj ^ Ljlll jtl jill <JliLa ^Li IjJ <disponsable JU»"i ...Vl d*j j- ^LiJ 

•Li^^aJI . Jl ...Vt Jju jL\i Sja-e jj-Aj <<L1a^J1 Lfr-ij-k" ^^jJI CajU oil ^jLjji 
Lf jJI 6Jjja-aJI 0L0 jJ»oJI (jJk Jj (LuLjoill <1ij> II ■-■ SLa LI <LiAiAa II SjJLaJI 
jjj J ■ *■ > II <LajJ « n Jl j .iijliVI <_JLc La jIslaJI j <Sj_lLk <Laj U n II I fl ■ 

Lap-Lcj j> in-> (j^j^jj (I 1 in~>" jjt LijJI (j^y^j '-* ' < ^1 s~ «i ul d 't II S j-^.jJI 

. C >JJ jjsii Jjiiii 

Jj-aj 3f->^ l^* - j^J II SjLaJI Ladifc <j^aJI £JL*-!I jU 

La jla-aJI ■ l) 1" I JjlaJI £ jJj <GlSLoL> J is. j,j <Lf-i j;''"' II (j^-cu V Sjjj a La jla-a 

(_5j^i.t Ted Queen *l j^a. (>a£; Lla j .^B^Lj V ^111 LajI^£; LL_J^j 

<^L»llJlj (j^jJIj <J iA-s"ftl l LijLa. m , ft 

mi 1 II <LlsJI Cj\ mKII ^ Lo^jj <<JlJ ^IjLkL lAlj fl diJ I ([ » y" j LfJ J^a. 

a i«-i tjjl^J <> <j ' 0 j i^l -» II j u lA L a JI <<UI * Li jo«u I (j i^t i 

.I4J Oa. V <Lala_a oljLajl 



JjJjJJ CiijJI (jLa. jii <LjpljJ oliiii. ^jJI ijftU nil ^jSJ <^£MJI qU-UI J-a J 
jjlal jJt IS JLJL*U\ aULLiMJ Vl_4jl CjLoJUI (jl -SeX (jn'ia.JI (jjl 

^iiu <GI ^ *n h i <S^j-^ S^^i (Jn'i-^ II j ' ■ ■ /jjJjVI <J-AjJJj ^ uiJua II J *•"■ II 

<-aj (jl Jjj ■Sj j'il n I I i_SjjIkil <Uuj^jj «Lil -s" mlj <l i *i i ~> <jjj-a J^jjJI 



«jLi parthenogenesis <^ji*JI dljilli .<Gjjj LaUs UjJ 
Hi jj_ui aJ5j .parthenocarpy ^LLMiUI jUSyi u^LL ^jlt ^ 
Jlo i*jLi CjIjUj iiL-ol (j^-<u (j£J <^-LLll (jjAj ^-qjj ^jjJI ^jjJI c-Ljj^JI 

> j>JI ^ ^K'mj .{Alchemilla) oljj uJI >_Lk» *j (Rubus) jJ i II 
a i.'i7> II j> New l/Vbr/d //zarate jjj^JI fJL*JI oljU ... U <> j <l* hm^V 
<jL*illj tLacerta 0< .'>-s II ^ f^^l ^JIaJI oIlU •■■ j iCnemidophorus u n .nn.ll 
.Typhlopidae < L a ^a Ramphotyphlolps branninus tf n ,.< nil Lr At'VI 

-tlllj Jn'sf. jXjjUl d$*JI CjIjj^j jvi.^ <l_iin'i->.V CjLjjJjJ J>=»-J V J 

i_sJjLj j <l > ■ n *t — i. _jjliLi !'.■«<■ Lcjj (jl a > I inn j-ic jn'i^ II <L»jlj 

(LjjIj 4j_»15 itLo^JI Jlij Lf ^j .oLjj jjLVI i a .»*»H j <jj£j I o 4 laj <5jjj^ 

_)jk.VI,j I o * J a * 'Lj-j-o (j-»jjl t t\ luLi (j^jj-o_i <L»jdJI jlj-fil ^in^ (j^-* 

I j ... 'i -yi 5jV jJI I d "if.i l-i "i uiL jjlj 'cr-*-^ lt* §>*-k ^J"^ u^' oqj" I -u^-A 
sL_=>J1 t .a ^_Lc ... 4 jjjlJ| Sjj*i^ <_ijj in\" ..i (^jjk! Sj-oj .asexually 
La_a}Ki <jkVI clones JiUui Lpj£ ^1 I <<jjUI oia <j£J -W^- 0 6f^»' j^-j 

( _jlit OjJj I jt_j <cAjVI JJ£. J-o JjJjj Ij-Aj 'Ljjic. jJI jill I n ftl'tK I (j njj -^^1 
I _' m-j-a jJljJLj (_jill ^J>JI J-*- 0 *4jJ^-H clH 1 <^-^*-Jl Ij in*! -^V f-Ljjx 

JJLiS ot> II Jaj 5ljj5 P-Li5U ^jJ^J La LJLc. <jV '^J-loJLi Jj^-LI JjU <_,-=.! jlil 

* - ft 

it ^4Aa_aJI CJj-oi. d5 (jj^Ti in LjJX. jJI jjj ^^lll JjUV I <t jn^> n <JLaI At ti~i\ 

^jJI a «i ? JJ iijl>o SjiU (> V .ijaljJI 

...a'.M I ; a 4jJ| ^Jc ^ ...'»-■ II jjl^lll l aa jjlij t,\in n la^a. jnn II <H1Lj 
CjLo ^j_t«j^aj_^JI JJ£. <2 J ■ ^ a II ^fi ^jj_uu La^ n a ,^>'» . <meiOSiS i a i a *• - II 

sperms yjl U \ II j ^gametes ^ul j-tVI) germ-line ^^1 ^^Jl JLA Lj^LL ^ 
^jja La I" II <->j ■■■■^ II LaL^Lk jac. ^1 jLui l j •»< I '(** --^j; 

<JS/I ajjs jjJoi ,jJI ^1 LsLfu J iJUJI 5^UI olj liSliliVI Lji ,All 

Cil n m II JjJjo < t-i ml ^jj CjLj-IVI j j U" i ^U" > jLc j^c. P-(_j-<ii Jja-jJ V S5j<t nil 



<(jf^ dMlal JLaJI J-4 La£ 'y^J - 3 IS" m n iiLjlaj (j- 1 *-" Lffi CijjU" ^^jJI 

<i .Xij 4* in ) V ^j^aJI (jjl^JJ t_y£zjC. j <ld^. 5jj!Lo SLsl^o (J- 0 V 

^jJI .(2000-1936) W. Hamilton j^lLU f LJj L^^Jj^JI (JLc <jl 
aJLo g.'.' '-.'jj 1 ' H c la r ^ uj^-j I * a *-j ■* R- Dawkins >i^jj jjLAijj aj j" »j 
.parasites oLLiLJL ^UIaVI j^jlLU .SliKJI jla. <Gt <jia 

(jl <Ljj^L<JLj 4*iil ir~>l 4 -n J * 'i (j-o ' (JjjJaJL Cj^J J-^j 

Lujji (jSlSJI tT^I >C.LLikll J); ,i.j <jt <> £aJI <^KII (jLlj jnnll 

I n Q *i n J£ (jt^ ^jjjill <>..<J .A nil j IjiUII dj j ,ti nJI j^klll <jj .SjJo^a-J «LdJ 

# * # , ^ ^ 

<(j!ojLsQj| ol^.allujJ ^Lldl JjIaJlJI (j| .(j.i'i-OI jj (jt^ (_pJI <<jK'i inVl 

<S JjLs jj (Jn't-N II Jjl jui <SjjLJI i_jjjaJI J^Li. Jjdll CjIjjLxo 4 \ uu ^jjl 
<<L»laJI Jj£. Sjjl j i ^-'i ^^lll 4j')j~> II CjL> jia-JI <ji>aJ 4*jJI jijJ <GV 

• JjjLuj Jlj - ~ jLc J£ ^ ij-^ II ladttjJI (jJ^f Lajjfc (£_>^l Sj-o ^1" jjj 

131 <dJj ajjLsJI 4 n ij f <jjj^L^JI i_i j i i .I II A j LLj ,jjI_lJI 

SaSUJI 

hi dj-^j'lj" ...I Sj ^*JI ^js S?JJ SjJii. ml ^IjSUII jjia Ijl 

tin ijj^Jj I j "I i*| (_m «■ . — » 11 Jys (2)1 dU j 1^ j*^ * a «LjU'ill 6JJk J U"j 

Liu ^ylll cjLJVI ^ V^j (jn't-> II 1 1 1*1 Lf i!l oUSfl 1jj^>J* J^-luVI (>« 

<A ->"> ml L uxla. ^jlilj ( _ J JLll CjLc j n -s ft II (2)[ «V .J-L*_aJI J-tLjJI I (| j » 

S. u a ft II ol j II (*jU Ij^A j ji!l 4jjjjlJI jft-^ nil (2,ji 4jji.II ci^L> dju U 

• I n (i * 'j3J 4 1 1 1 ill i") S^>-u «, 'i n*i^ <6 (_f-l- c ■ (Ih ^jjVI (j-o >£i^ *i (jl " ' 

p 's nj 6 j fl U H (jl (5! 'CSj^Ji 6 j-iia SjiL u"t«"i (jl uaj <(^jjj(JI ill ^jJI ^ j 
CjLc. j n^ n II J ■ ■ • I ■ ■■* II ■ (2>^J <4 ' ■■•*■ *»• II CjLc. j a aJI C5 ^-^-11— > I j * > a 



$ lj.,u ? V ^KJ jjl^ Ul^^i ,(2 J^iJI ,CI Jjl* 

(jut'il back-mutation «L ■ j>jaU ■ 6 jjj^u VI ftj •■■ s^ila <>« < J^-i-^j 
sexual dimorphism ^ uAaJ I J£ ,t,JI £■! jjjl o[ J-"- - I j <<liaJI 

<L*-oLi-Jj <Lfa^A| j j milJ I (J^-j-u ^^jJI 

^j^.1 ^ .^jlLU (jLi <JIUI Jjj^ui ^yJt j .LJLt j^dJI Ja^j ^1 <i_>Lidl ^Ua-JI 

.j^jJaJI 411 (JjLoj jjjlc - (dli-t II £^3jJI» j i n il! t>3kj *t_t n ml 

ol j-iVlj t(2)l ^ m II :4 4 I" o CiLi j" 1 1 1 o i Ciljjj-o *i n J (j n '> 7> I I ^ jJ_i_ij 
Jjliua ^AiJI :4 Uj iA Cil,)^ VI ^ V 4-jj^Ulll CiVLSliVI f nj .Cillxajlj 

£y> SjjLi Jj^i. j 1 jlJ I jLaJ .6_>j_i^ S jM 8 II ijj^-* 6' * >f - '- ' ■ ^J J '0 "' t- > ^ 

<L» j_A j II iLijJLi <tdJj £-oj ''■'I'*'! Ixa £_o iJU iSMfc <J (_jiijJ ol m 

< ; pJl CjI'iM^H L^aJoIj ^1 tLi'yA ^ylJI olil ui-aJI (jLi <jLi ^ti't^ll J^-o! J ^yJt 

.1 i Artie. Ij-j-o JljL« I 



C>l jf*J-ll J-* LjJ J^-J >»1 (J*-^ <fj II r' jJ^I CiLXaJl I <Lii (jl^ (J jJI c^j-iJI 

Lf lt I j U 4 jj ^ OjI i^i ^^-jJt 4_i flj^iVI &j iii a II ^ cJlii. Lr lll 4-SjijJI 

.^jlaJI Sj^JI i a i^aj JjaJS OjI^ LoOac L^J q i AjJtj ^^iJI Jojii iAll 

<Jal ui t >Vl SjjJ-iSi < _i jjjjyl ^)-ajVI C*jL^ <<Lj-uJ (jjj I ft 20 J-a-J J-xij 

^ l~> « ^Liljl did^l LoAjX. <<1o*i (jjJ-Lo 1 5 j-> 'i Jai ( 3>iJI <Ja^a.!iLo CiIoj ji 



^ylJI iikidl ^ Ij^jjij ^pJI lava <jj!iUI j> II Cy> ^ULLo (_yojSU 

i\ ml uta Lli^-o 4 J> 4Tij-a.ll L( _i-iljVI ■* jJLj .LujjjIj I t'ljf. ^Vl L^-J-Q •■•*■ 

OjLfjl <l (j *i u S j a II CJ m"tl Lodltj .1 0 'tf J i'mI I j "i ~> "\ (_yjJI ^^ajVl <jV 

Great pj^* II .<tJI >a j <)hjb j Uj^c Lcju-o jJ jii ixijj^JI ^^-ualjVI 
^1 Vj .^j <L-»j_xjI ij ~> II j;Aj-ojlj_o (j-o <2)VI jj oj (5UI <Rift Valley 

IjjLu idij I* t^i-t <jj*s/JI <jti3j^JI j^l^IjVI diAj .Lijj-uj ^Jl |J> jAa.VI _>^-jJI 

jJ_sj_j .Sjj|_ij-o IjI -> ml (£j -> "1 4 1 i"ij) < m ■» n I 1 Ajl \ i<*l"i I I 1 -> i_> J^i 
' ^fi ,-.l"l >'» II 1 d i'if j SjLi. j Jj LI *. » ^j_o 4_Lojla-o CjI j 1 1 1 I 1 if Lc^ajj 

< a j" 8 a I j CiLjj ,JI (j^J j»Jj Ij-A ^-S <-La-Li iiL:^ (j-ajlj <£_3lj-oJI 

<jV < J «V> ...VI J i-al m.<"> m^U La. j"> S o 3j I »il V> II <J>*JI Jj «-Jl .7t<'! .i.^U 

<U« "Lll *_^| ^»J| s j j II Ac jjU 3-^- (jl^ <-taJI qI'mKII (j-o ljja.1 j Lc jjj 

.Sjj^-o <j-JI oLljKJI <z^K Ij^Aj .oLii ,_,IJI 

IjVI IjjL-a <iJJ>a. ^ (JjJo^^kJLo (^^jii V Loii£. <j_iijj| <<iilj £-oj 

jl^cJI ■ ■ '^j" -j ■ ,,. a'. Ilj 4 \ n . ,, ^ II » u " « nUij j ^ ^ i 1 j i*C a" II . Jj^j j ■ 

jxLajl J-4 jjJj Laj .I_Aj_ui pLSjV ^Jijljl JLaAl f^-i I (^-^1 'fH -1 j ^ ' a " ^ 

.<UjUI 6lA <JI LjlLua j! LaJ 



2 Jua&JI 



(*) 



V 0 



■ "■K *|j a 'u'* 0?* II i mt I (3 a^jj-a^ (LoiLxa SLiaJI i_ul^2t ^.J jj| 

tiL^ i iii 






| j ill ir-, I j ~^t. ji'lt I < _yjJlj (Lujij ^jjjjj 
— 5 1 i ii\ mi II 4_i_ij_U LajIj *j ' ' a 4 a l*s j 

il l *i ft 4_a in') (2>J ' ^ '_H < *- Lj0 E-"'' * <4 i I -w (j^^bj^^^V 1 1 1 1 8 ft II ti'l n i ii -> (ji. 

<JjL^_l J ClLlj Jj ^, I ft" jJ_J-l_lJ 

FixjJoJL, ^Ji Lit ^JJ jj i mj JU~i-».VI liA ^ 

. JjJ-0 

l^jl^S <»i^lj 4_i_4 1 j pi UJ luLi La-ij t \3 J ■ ^»l « *j (j-'^jlj Lot .lillj * fljJLj (j^j 



lit ffifflMilitS^ *^ • Sr: 

blending ^jLoJI iJ^iJI <jT cJ^JI dJj 5J^Lo <jt J& oilSj .ijljll) 
.(jj^VI oLLlo (j-o 1 ->jj-o J m'tll oLLi-a <ui <jj^» <inheritance 

C)l aX"i II ^^Ic ^-Jj i ii II i_llt"ill >_iji nil ^Xli JaJI e-1 a"'.VI j*£.JJ V ^jJI jl I j-A J 

^LaJI Jj ; _i Q I I j iiij <j->Jjl J f-ljl (jA -> J ^4 <-i^S «l A " iiij (jL^ f5j-»J-aJI 

J jii tJSl iii ft II J^aJ 4 it hi ^jl L»jIj (jl^ (5>iJI ((^^i-JUojt-i nijl Lol .<J-JjlA'i i 

|> f J o II j-i f i a " II J in i 4 i *iLj ' ' ' lj_4> j ip.^ lal a II >_)l j II ^ I f 

(jxoJUaj) U nijl Ijx. <a ■■■-^ II cl iAf j ^ul& ^j_tuj ^jJi I ft I a . <Lj "i 1L) 

U^J -^jL?^ 1 SjL ^Ti ui lSi jSfl ,^1^. jvAiJLu4 Jljj V c^tj >Aj «jxAll ,^1 <^lj»>ll 
■ i (j ' I (j A i -» II t <J »La ajl **■<* '^j* a I ^Vu La J ^ 't ft II ji'i'i (jn I II 1">J)U mjl 

1( oU]| J^JI sL=JI 

—1822) Jjj-a j^jjjx. > U IL «(jL^i ^-LlLeJLi d . A ^jJI l _ J jkl^Jl Lat 

^ ix.j>-a ^ j -w^Li <_LSL»J oL^^f jjJj-oJ .Gregor Mendel (1884 

I ft i 9 CiJLaJ! <-ijl 1 1 1 n *i II Uj ill iii ^j-i <L*JoLLa j (Liiljj-e ^yJ I ft m < i_Sj j jj jjjL* 

i^jjiali] i Jjla jJI j (jl^J .1 i*Sj m "i <JjJ (j ft > I <1*jLj ^Vl ^j-Aj L^ljji-Luj'sj iVi i J*j 

6jj i/i ^1 ifcjj-aJI f Lj .CiLuJI ^-Lt ^j-i <CiLi^ Lf ifi1 I jjj_ua Lc jljji 

4 i ■ ij-i-a ' -II j> U I <Gl l"> (j^ij's i i ii (_^jJI <j-ll |\ lU'll |k^xujJI J i J .ml (j-o ft"l 1 1 

s * _ _ 

Jjla jkLol Jj^. jjl J \ \ mil (jl^J . jj-oJ jt <JL*LaJI lilJj -i*Jj < jjj^j 4 jljJ ft ^ 

■tn -» ^'ijl-i i.ir jVI ^Le jj jjLiii jjj ijjj Jja.jJI i_ iKft I ftj . 1t j J ft'vj I 

6 j^"^ lt^J * ^ 847 j\Lc LjJblSI ^ ft i . i j t^jjj i tit II j < ul.'ill (j^xjjL 

*■ j ' J ^ lfi ij i •" (jjj-ll <5jIjjJLi ^j^t a II 1 — 1 1 iii ill • iLmaJI ^Jt I 4 1 1 1 a 'i j * iAa " I 
(LujjXa w > lq ' C)l I iALjjJIj jvjisull <L*ij|jylJ I \\ \ i ^Jl j-iyjl Ciflj 

.(1868 jxU) <J Lu5j c ,,r.jl 6 jjj (jJI 

i_JUI ^Jj^ ij^ * ' I *J*'^ '.*.*■ ...I S l«Ua Jjl ii n*_i <<jj^>JL1Li Ijj^La >^_>ial]l jjiilll J,l (1^ 



Jpl_>i j^l^)U U±LJi ^ L_siUij Jala J*-i 

d ' « - a II fjn hiJj J-*J 'C^J^ LaJI i a . I ..." 1 1 ^iljj_aJI <*l 'till 1j_iJ_o ^j-Cj <t_fijjj-^ 
<_ljljj_cJI ijj^Liljj-oVI d l£LoJ1 <*■■*" ~ II j ^fj cijj^JI jL^ajSU «Lijl i n n't j l 

<d-!j J£ jj-o |»JbVI j - i <i >*-o j ^aJLAjIaJI ^ ji«JI j 4x.ljjJI mil <-j j_i Ij mil j 

<Ui jjl Cli jJl Ljjij <j_il£. ,*_iuAlll (^j_>aJI dlj'lj liin'i .l l'l l 'l no Jjl^ 

~ * 

jjjl ilSj . <GLij JJLJ 6j() iti 4*i ) Hi's? ^^ill CjLluIjoJL) Jjj-0 LlJ <6jL£il jU n ij (jfjjlj 
(jt JJLJ _ *j' ' "' J-jl i ii n II ^^j-o JJ-^ 'UJ-C-I J-clC jl <J nf. <U^a Jj-^- 

Ronald (1962-1890) j-i^i j^L! JLi jlalJI iil Jv »JI j *L^VI fJLc ^ ^ 
kj< it, o Jj^» L^li (^Lll ^UjVI (jt .1936 ^LJI <Aylmer Fisher 

IjLo ** tt I - l« I Jjj-a (jl^ Ijl La Jj-^> (_£j-=>-l iJ^I 'ii o 1 i A tl Ci"> jia J-ij <Lkj-ol_i 
1 \ I j jj-o j j «GljLa-j| ,_dl C'J ;,"*' Lf jJI Sj jt-i ui Vl Cijlii lj| Loj 'J-VSj ^jl^ 

<JjLa_o JdJ-o Jl nfl jja. Jjl^ <dJjJ . «Gj_i « ^— 1 i jLijj <GijA-o (j-o V £j_i^»aJL) 
SjjLuJI ^lajJI <^-?«j <Uilj (jl^J .<5ljjJI <jJI ^j-o VdJ (jj (j " II j£.l jl 

Ltljjl (CLLa 0 ajl Jjj II » jl \~\ t L> <(jj"> (3 II ij- 0 t ■"■»"> Sj-kl^. Ltljjl (jt-j dlj-il 
j ' j^JI 4 I i tit Jjl^ Lid j :6J-)Aa. ^I^jjl (3l~> I (_>uLu ^« no (jl^j -Qi Iv W 

_ 4 1 mi i,„ i jj^Sj <<iiLaJI jj-i <^jJkj _ <jLs^j1 g-jljj Jiij-o j^>i5 
8 ^_ijL1j LjJlSx. ju ml~» cdijj i oS>i (_r^ (_»*_ > . 1| ^ | ll j^-JjI-jJI 4 t« ft-^ /-I ~- 1 
(jlc. i_)jLaJj» I j j x^j^ ^>j-^" -1865 jklx. ^j-o (_>ujLo/jljl 8j jjl_>jiy laLuii 

J *l ■n. " ^ji. jJ5j .1866 jvLxJI <LjJl_0L2kJI j in% a ^j-S «<UjI •' II j-^- j ii 

( _j-l £ - uLi jaJj <1881 j».L«JI ^) i ti ') ,J I .A n (j^il i"i tl frl m" ihLi <LoLoj <jl •>• ■! 

iLli J1«j LfiL dljjl 5 >lajJI ^ j^Lj LflaLaJ; J*Jj . 1 900 ^Lt ^"^ La j^j 

(jj^f <jt (j^-aJ Sjlj^U Jjlo i_alj^a-j1 (jl j»j 'OJ'X)"'!! ^^U'l nil (jajLuuVI i_yOjC ^jj 

::^ 

^ Ijjlr, J lj jJI <L^JI «?->_<"> II (3-0 <Lj - aa ciuJI <LLot 4 n-^ ^ic. Lusul I j_iij-o 

y^j-A ciLilll pLoJx. ^j-o i a ■til'sl c*5j .<GL^. Jlji= <inc. 

Carl Erich Correns ^jj^ d jjI JjL^j .IjUjj* ^ Hugo de Vries ^jija 
^1 Erich Tshermak von Seysenigg ^\ ,„_. ... ^ dU d jjjj iL:LJl ^ 



dLi-A (j "<* j i^. <J lc <J ft f. ^jjjjij <(jj^a-i V £1 J "> <j-o <ljjL^ j*-$-jl-J <l mft'JI 

(3-o Ij^Ij (jl jjJI jLAj <tij.-w <^jjl_LlJI ^ Jl j * ^ VI (^.o ijjj-c. < -> <'i 

daj (jl L? <j4 Jj^> J-a-t J-2 (y-J^ijj) (jj-flJj-aJI 

liljJl (jl J-JLJ ((j^jjj^j^ CtlpLcjl 4 » n i ii ^ ' l-i I" I il jl*v n Jjj-a J-aX. <-i^$J j\ 

JLa-ftV oIjJ_>jjJI £j>»l CxJiSi d5j .JU* <jjJjVI <j£ JjLilll <_» Ir (jl 

.Jx, ^^lfc ^ i U" ft Ljl_4 (jl£ <jl tiLJj ^ La_i (LoLt (jjj^lij Liuuk Sjj Jj-La 
<JI aJLJ ml <J (^1 I j *■ » g-jj-> V 4 in iVn i A I i/i II Jj_u j (jl^ <j|j <CjLijJl 

P-LoJVI pi nji.l I ft Q ^ ft (jl^ - «LaJ->"> ml jJI taj m Jl i_>l ma II ^"i *w _ Cilj iALjjJJ 

o^ij c^jl^J c^f^jJ (_y^-s :<iUa (j-» Jo-^l (jj^j ^ <SjiaJlj .c»5jJI tdJa 

(jl jk J i o jjla i (jl (jjJ <«SjiAa (jjoXJ «tjjl Ij^iajj <Xo£. Ijjlcl ^j'i mj in 

.Ctj^l JtX LaJij LLUJ JLcVI 

ij j (i Hil J VI <j inf j—luLUI (j>5-]l ^-9 "ULa-ct-j jJ_S Jj-Le (jl £_oj 

" s ' 

_>kj|) <SLk!l j>j n <~i i tilj^L ^li LJlai .(jjj-iiaJI (j^UI ^ VI ^ .An jJ jLa£.VI 

Ji^.!)L» (jl I m's n\j .<jI jjJI |\j ft<"n jJJ5 Jjj-o (jl (jVI djjj Lij-i-o <(7 J ir>«1l 

^jUUI ijljlJI jL^I (jJI tfjJI JJjJI j^j^ (jl^ ^jU-il J (jVI 

^Jl , .A.Vt <_) jU.\ , ■ ■ ...I*. /.II CiS jJI ^ l(j *IC << iAl niVI j <dl jjl 6JjLuj Oal^ ^jJI 
JaIo i_i,</i (Olj'i hi ^jLaii Jl^jlaj . aj^jt'tft CiljL^j (J^jj <jjIjjJI CjLajJj«_aJI j| 

,jj bat di«3 ^1 (Psium sativum) *V jLJI (^ <uLiil j <uLaljil J^l^ 

~.l * ...II ftjjk (_^-Li.l .L^j ^jLt ^Ul CjLjjIjjU AaJlxo I j U ^>*> A i r»l % II cJ ft mil 
(j l (j ~ I II i n't (J(J mil (j-o J»i> i Ijjtj «Lo l-C-jj *l i«~>l ^ l([ i ii 8*1 6 j-AjJI «l l 'l l (j| 
^iaj <dlu ^ iiLua[j .<AjJoJI (_S d)J^-J La^ <Lj|j (jLaJ^Ljj Lii^jj jl (jjHaj 
jULo ^a-ijlJI L^Sljjl jl I o"*>l" >a ;<c. j) i" ft II (j-ajLuajaJI (j^ IjJ-C dVjLJI ^" ; '■ 
f j^aJI j <5j t J ft jl lu a 1 () 1 J .' ~» J < < t-J-jl J-^-jl jl »l i «-i ' J (jj^J (jl (j*C ft 1 

<Qil]| J^uui j <plji_iO jl pl^uai. (jj_>5 (_j-* J-"JJ <j < i<? il jl j i A-^ >l I (J "i o jjl 

i »! i luVI .ii *ilX Lo_ijj <dLlj (j_o ji^l j .L5jj_o I » a 1 1 jl I 'i i *> j lj_i i «~i i (jj^-j 



«La-jj LIJLi. <j^L» fJ JjLw II ^ Lftjilo ,jt tVjLJI (ji SjLj^-^JI ijdLaJlj .^Lojj 

.(1-2 JLill J»M) J^U pL^jI ik^J 



c-VjLJI Lf l£ t5>?i Jj-j-o <-> .<j-s <jt£ cs-j-l' j^-" (j-* JA" 4 -1 -2 JiiiJI 

^j-o Ijj'^ I (j^-lj <Lo Ljjl i«-i~*il >_il i inV d t j jL»^ Ljj* l>^h t*-*-" <jLjl—iJI 

<Lal*L"»_o Lcl jj) <jjjl CjLjLij (j 1 L^_i i (_jJ-!l <*LijiaJLi JtlLa <o 

j 5*i r I ^AJI o '< n II ^J^uVI (jc ill j^>ii .iJLlJI JL=JVI Laj^J". JjL«j 

^jlll £ j_i (^jJjJjVI (j /**» "il l J^La-J .<la^.M-JI j"1 mo Jj^-j-a 

t V jLJI cjl*L>j jtijj i— i t i^LL^ iii t jJj'i ml Id ilr cjLjLiIJI jjl <j-<> 

* * * 

La-Li Ij^- |-> I A J < plj i i<~> Li^-L^. frlj a uaJI tVjLJI CjLxjjj pIj i A Li^l^. pIj II 



c*jL£ ^ 1^1 II e-VjLJI j-o i^Ij . A-^ II p-VjLJI ^jj^ o"i> j».Ls Lojot <JljLaJI Jjj ■■■ 

. e-I^Lua (Fl (j-^ j II ja^LiiLj i_SjjLjj JjVI (£,j1jJI Jj.r»JI P-Vjl-J ^J-a- £ J f -a> 

t LJ CMS ^ 

jJLfi t< m ftj 1 1 j^Laj (j-o-oLc, J*S iSuj .frlj iA~> I j » J c-lj j .i^ a F2 ^LjJI J J > II 

lj$ U« oLjLlIJJ ^IjJI a I" II j»j (j^-^ (j " IL Jj^-o |»Li Lojjx. <l_fjlj <jjjjJI 

. I j 1 1 11 Q~j I -vl < A ll (_l 1 1 i* j UoLajl 

. I |)_>lr J_ua_a. ( _ $ jJI ^jtllll (j-c j> 1 A II JJJ-JI ^Luil (jit <-J i A J-ia-o (j-Li 
j i in4"ilj . M U j 1 1 1 1 i_i m'n CjIjJJlLo j^J^ CjjLS (jl "LiLiia. JjVI <JjJj U^J 

J£ j^ij <_i!iljJk.VI ("jl (j-ap-fil in '< II 6.ifJ I (j J I f J "1 ~» jjJLlI Sjj-LLaJI Joe VI 
< 8 1"> ■*> n 5j j«'i a Cjlii^.J J»J c)t LoaJ-J (jl^ (ilj-o flji_^aj c-lj iA-s pVjL) <U i«-iI ~> 
<LLiJI Sj j«* "II oljlfSJI JjjJ « j i^-< 'if.)) It-, i^n Jjj-o ^ ilaj* ml J-Sj .CjLjJI ^ 

ia^lll ^1 ij^jLaJI Unll < nitllo jjc ialLLaJI «C)I 8 ^ LaJj (j^J "^*fJJ^ 

j-o <La^a.j a-yv g -l |Jaji_a cxiLSj .oULjJ .phenotype ^jjblikJI 

jjJ j^jjl j .til .1 n <La. jj al 1" tVI j^a-j j i4 U -^,^La±l 4-LL5 II Cil ft ..i II 6J-A 
.(J^-V CiSj ^ I jjll jLkjVI «Ua.j*L> ijjj Miinll ^.Li ^ Jjlj VI <lolill «j ualla ll» 
I ^J-JI i_fl_)JLJ L^_*i^J <<La\LLa_a cLa-iul pLjl 1*^,11 a j fi CUal Cj-Sj-II cilj jj-aj 

I ' ^ j lj ■ ' H j»JLc. 1909 j»Lc <t j " al ~ I U ,^ a ^J&j <Ciljjj-aJI ji CjI 1 1 -s II ^_luL> 

<Lf J^1 te^ij -Wilhelm Ludvig Johansen jj-^Ujj cLlIjjI l<| Lj ^j-^IJI 

<J in aj| 1 J 1"^ (jjA^.a ^jj^Ui Ui n *> <J^J 1 iloJI Cil *n II 4 t l*i n H j^iajl ^ n mi" 

* « * 

j-ukaJI pVjLJI Jil <Ia1^ j .alleles oXJVI ^VjLJI ^ ^ !il!Lo 

.pVjLaJI jjjJ ^ Jjj "inll (jf^ iilla-o O^-fJ ^ P-lji*oJI e-VjUl j 

_ CjLj-iaJI J)l (j^ajl&i 'Jjj-o LftJ^a. ^^iJI <Jaj m-J1 <LiJJjlJI i_i mill j ■ mijjj 

4 j -L=J jJI j jJI (JjLjLi ''■'^ 1 <^ljjt ^^.S Ja. jj - ii.i i, W II ^IU i<->nll inn 



<olj| jj-n II ^ i_iUaiJI j (j^ajjJI ^1) gamete J£ ^jiaJj '-'j^.'j <5o^.lj 

<LajIj uif j^jijVlj ^j^jJI <(2jLluj_>aJI ^oLjIj-IJI ^t-ililJI jl jj it " II) 

<LLLSJI Cil a ■ — H J-XLo i_SjX. ji j . £ I jjl ^ <Jjji.ll CjI 'ij -n II jljLj |Lj Jjj> j 

Jl jjL LuIajj .recessive "« jt dominant SjjLuj ol a L^L d»jjjilJ 

* ' « * 

JjJS (jjI5l lj^ tilljJ .CjI*ijt> II LAjI ^3 iU'ij n" II lift (Jl (jj/>*i (jl ^-J- 6 

(j-Lfc J btSl mJI (_J_»JV1 Cil fl iQ ' J ' ui ^jJkUaJI Jo aaJ I <jLi < q , "> o JjJI £_« JjLlu 
JjJ ^ylfc JjLlu e-lj-LuaJI jLJI JjJ <j1 JjJ-o v^jLa-J O >fJa1 < JULaJI J_t t in 
CiliiS A-a *l>i^JI *V\UI olixi ," >J ^4- 

. ji >A (jj^j <*J£ J_LujJI <jLs <p!j iA-^ II *VjLJI 

* 

C ^U^VI I dAj) y >_>JL pIj u^kJI *V jLJI JJtj Y >^JL pI ^i_^]l *VjUI 

Sjj-o-aJI <LuuJ1 (jJLfc Jj-I (^jJI S>=JI jj inj jl :<jlj^J1 j»_Lc plj ml nil ^ ^ noil 

.( L> ;r.nll jl^JI ^1 JjLLJI jji.^ll ui^JI ^L^ 1 Jf^ 1 iA trait 

frlj iA-v 6 jj j"\ .ii n,JI d I" pIjjLus SjJ j" hi n II jL±JI CjLjLxj J_ojj tiLljJ 

^ yj Y L^JI >^ oLG J£ o-l^l U .(^JpJI ^ yyj YY ^>JL 
<Yy (jj^j (jl ( ^ « j *i j ^jj-ll uM of^J^' 6f^-* u j ? 0 " (S^-i L«>a^ c -j -crJIj^l 
-kjii .jjLuJI jji (Y) j S i^VI (jjJJI (j^ <j < ifil c^jLiJI cjLj^ (jjJ (jjSlij 

Lai^ y J Y ^ Yy cAjLiII ^1 _>^1 J Ujj .^1 jjVI 6J4J ^lill (jj^o'ilL <jVl 
yy S ^j-i-VI <IjjJI .yy j <yYj Yy j YY ( j J <~ < ... Yy oL:Ll1JI <jjj (jLi 
(jjl: dJllj r(Yyj yY ^ 5ajl_u> Y ^V) si j .A^> II frVjLil <isl j-o (jj^L^ Jaii 

Ijjli Jdlo .Jjlo La^ ULoj r1 :3 pi j II pi ji-i-aJI CjIjLuJI <J m.j 

ft 

m '> II jl <JLi. ^ a^_j jL^j <(<j_ojJj olj pi j .A *VjL <JL1jJ1 
<<-^l .p^VI 4"J o-> <ui j m_i j jj^. ^ jjl jaII <jl£ 11a) .5j^jj> cijK ixi jIaJI 
1 ji ill _ JjLuJI (j-o c,r> ■ m" II <jV j <<2jJj jjx. <_jjlS" *» H (jV 



.(«JJjll I jjlo (jl^ _ Mlo <SjA^o jl A mla ^LjlLS J_hVi.II JjJSJI - 1 11 

jjJI ^ i A <"j J J 'i (^jjijl^il JiiLaj L^jI ^ *' * fii 4\ \,\ \ n <QIjj>JI <J^ Ci "ill 

(jJLlI ( _ s -A ajj > II £ jj mi n II (j-i 4 ">J *' 1^-4jjI J-xJ j . 4 Uj mJ CjLajI m-i~»[ 

Carl Wilhelm von j^j-s ? 1 0 L'J Jj 1 ^ ls^ 1 ^ 1 oUUI fJU jLil 

iJj-aJI 4 A J mi ^ j i ij-> II <_J_iix. Vj-J (J^jJ.fJ P^jLiJI (j-C. <_*Lj_j_jI 

^jIjJI j < ~ l l ujj I m.Lj j '•■I < ~ j_5_uaJI 4 j it, f jjl j_i_c. .(Hieracium 
.iljjiJI <ilj^JI cjLiV Ijj!^ jJ-uaS ...-. ? mh ^1) parthogenesis 

ajjfc ^ lr. <LijLaJJ J <f-i" jxJ Lajjr, 4_>KJL> Lo Lc jj ji m jJs Jjj-o (jj^j Jjl Jj 
- 0 < (phaseolus) *LJ j-^Lill <G_u J^a I j 1 1 f , J_ua_a. Lf -J-ll jcjlllll i 1 1 i ii i 

Ct ^"i II j L^J I (_g j ?t i i.^-^' CjI < i«~i H (j-S CjI i > 7> II j tj*S JJ-C 

(LgjijJj <Jaj ujjJ I i- i mil l lfr.l 

I ^ In-^ aj Cj <J utla II ijljjjl /jl (_f^>j ^^jJI iLiijJI ^ II dlj-Aj 

» ■ ijljj (jVj <(_5^i-1 CjI ' ' 7> > pi j » a II jOAJ IsLjljjI l - uj hi i <« [ j I J t n 5jlj^J 

jjjJLa CjI Li-aJl ^ jj*^ m "^Jj a 41 ^ < . L^l j mi r ^JH V CjI i i>-»JI jrljjt 

la-ajJI a ■■■ < a ... ^ >^-J * ^ ^ ""' Lfj^ ^ " .» <pleiOtrOpiC ftLaJLiVI 

cjLo_uJI one-to-one Ljj jJ I ° ; ^~ "■ uj ^ » H lhI-^-IIj «(5j-4LliJI 

4 j 'si 5 II <-jLjj CjIj < U II C^jJ-i t Jl 'i n II J J. \ m ^ I » t .CjLLj^JI j 

^IjjL.1 ^1 <<_Jil jjJI oLluIjjJI ^Ji^ (ji *i >ll <-i .r.-^ .t.ll iDrosophila 

V S_>ila ^jij f( ( _ r i_uJLo CiLijji) I ^JijK ^j^JI L^-jjjC- i_ i. i AVil l 

m If. jj-o j » mi II » i <_>LijJI > ^ »" Lajjj <(j 1 J jl a II (j-o la 5 a (jl tl *> t> 1) ■ i i I 

olj-utjj ^ a I (j i-^ (j's n > << U I mi ill ? Jj-j-a-ll 4jlj^JI Cil tj\ in^ .Lij^Ja 
Lj^cj <l^La. ^(j^-* jj-a^ 4 i it n II «( li < 11 (J ft ~»* <(JuLaJI (J-U mi ^j-l*- J . 4_ij-jLj 

<G-o lj Tt UU? (^j-S ^_JjiaJI J j) n» 1 1 ^^JLijJaJI jj l-i "ill £_o JjkljjJ <t 4 in mi 



(jjj < 4r I uoa)I <j mill ^1 U If (JjIII LajJjJI Jaiaiil jJLJI ^j-ALjDI k-alll 

tt ^^iJI iisj Slj^, II ILLS o ...j I <tt jj-o <JcJ ( _ r la-«Ji (^IJI <JjJVI 

_ 0 

TT ^jJi ^ I UU< ^^-Laj Tt UUqII ^llll d " II .cjj-all 
<j ■-•'II Vjj <5jVjJI <-U. j-a (jJI J-uaj <ejlll 2:1 <j .mm tTj Ttj 

. <2) 3:1 <*ijUI 



Lfl-JI Ujjiil ^jlll L> Lt^j ^uLuAJI i_8 J_>kJI Jtu « JJjIj <jlj <<-> j jjO kll jLc. 
i'II llu fcli-tVI jijf. jl^ <CiL_lu ^ JaAj Jala Cj I ln-> ^Lo Cul£ Ltui (j^Jj .Jj-S (^j-o 

.<j g-ojjj jj] <1 IjlLo (jl^ _>ll LiLaJil 

Ernest Haeckel (1834-1919) JSlU c«-ijl ^d-JVI pL^VI jJU Ji 
.phylogeny oVM-uJI f-Lc. ^ IU .^m UJ ^aijl «l» .Vi mm J _>e>^?-ll 
ontogeny "cAjjl£JI Jl >l^ ^-l^" J £,pjl j <£_>»-l-l k"» H j^j^-ll aLi*_oj 

^■jJlSI Lo£ -^JJ-II JJ)U" I <Lajj_Lu Sj^j_uq LojI ^^.j-II J^-lj &J-»j *Lij| ^jj't-v II L$J 

(jjj-ix. JJ_i ; j ■ t~ ~- CiLwtlU vlLljJ (jl^J («t \i mU" Lj^>.jJ_$j_i ^Jb 4 mlj mil J I irij! 

(kLaJI j-_>I5I <^jUJI (jiLllll £j_ui>aj iLuo _>i£i tj-l^j -^Lsj ii-^ 

. <jljjJI < 1 1 o » t ^-t *N -> CiLojJ * o ^ If. (_$J~ ~> " <Lija.jJjJAjl L^LkJI (jl 1868 

^liVI 11a Walther Fleming j-l^Ji jH jj ^LaJVI tL^VI ^JLt j^L 15 j 
•tijij ( _ r lj (jlc. ^ j" -> " J^'to mil cjLSjj L^Lk (_j J 1882 jkLc i_LijSI Lojjx 
i^lc pLIjj f- 1 1 l^JI (ji->^ t (ji~>l nLi (jj-tj (j\ (j^«> » rod-like c»l » ua« IL d j * ^ ■ " 
1889 Wilhelm von Waldeyer ^Ulj - 'j '.'J to 15 ' ^ 
. <3) (^i<JI * --^H) Chromosome ^<i.^ll J\ ^jO>°jjSJI f-^l 

.1891 jkU. (C(jjjjjJI» UojI j^-h-u t^jJI >»j <fLjliVI <jn |ji jjIjJIj 0) 



cS.P lt* ^^jj-^Ja^-" <fli-lJ ujA^aJI <j-aj 

<jj mt' iVI nr. Ijjj <j! ^jJI Si jjJI tLa-jt icjj-aj <cSL>LiiiJ-Qj *Uj) l~> » uj^j 

cjLjLjj Ljj oLjl jj-^. 6j » *> La ^ j~i ~> jj .^1 mViVlj i— Lcl i A"i ILi |j_ij jjjjx. j 

^ 4 ^ 

j-a La.jj 23 LijjJ ,jj jl :l 1 La_a JJl CiLajj^-ajj^JI (j_a JJX. (_j.it I *i n i i-i 
(L^.jj 22 ^JoLaJailfl dJj £_a j . L&j jjj inT JjLLoJI jLs I n i I i <CjI i i 1 ici II 

J j tt" i (jl uaJI (jji (jl^ ■ ' a c ,<LLtLaJI .La.jj 24 -j'^ ■ Ij-Aj /^..Ul U . I lj 

^111 JJjJI .pLa-i 4<1<»J -Ul ^LjjJo 

.-^ .^.11 jjjlJI J \ t (jl < 'i*N ft i jjj f(L>jj (jjj nif j <U«_>j1) j^l i o iii II 4*s I n i 
jj_c (jl g— a— a^-JL-j Ci i "ilj 6pI— »j i K a U *s jl J * > VI <(j— >j ■ " r j 4_j^Lj ^1 

oLo jjj-ejO Cijl£ Ijl la JLki». viLiJI cUa.VI i-Lalc ujlljl (j>SJI iiLkxil £-aj 

Upljkk oLajjj^jjUl db cik^ ,1902 fit .<5ljjJI olji JaiJL ^ 
^sj .Walter Sutton (1916-1877) Jii\j Lo^kt iAiUI Clj^l j_a 

<uj>iJI Jjo ...11 ^ j ■ ^Ul Brachystola magna j^UI j-^aJJLj) 

I fl "' 'jj (j^-a-i (^p^-ll 4 -jl- 0 jjjH 1 JJ^J S j i j's II feLi^lA-i (ill t mi's n llj 5j -> "i n II CiLiVjU 

i_al im'i'sI ^^it (jIUI aij .<i±Li> « ^1 ^jj c5 J >* ^-^^ <L ?-»f d<j < 

(1915—1862) _<;j_xijj _>jjj_aj (jV f(_;_)-jJj-j - (jj-jLui ijj-^-i j»— "il (jjjLui 
^jl ( .H jilii (_>i> jjj ^ jjj (jl^ (jjLail pLp-l jJLt j-& j <Theodor Boveri 

.(jjjLm ^_a Llj^Lj 4 mAj CiijJI (ji l() mil SjSLflJI 1*1 1 nj jL^ <j1 1904 jkLt ^ 

. jjiill (_jjj frlij i «*iL> _ <j-ajbi jii^l lj-*j - ^k"- ■ (jlS 

^yic. <Jj^a o Cul^ Jj^° CjI *' ' 7> (jl ni l (jl I \ 1^ n i <J^.^aJI 6 j-A 

1905 

"genetics C II> ^» William Bateson uj-^Lj ^LLj ^_>iil 



4j_oU. ^ - II aJLc <Adam Sedgwick j ... a,ljf ^1 ilLuij 
,<LijijjiI iaLiiij ^ yi« J^a. (j-ljjJI jjijjaJI 1906 jkLt lik. 

a ' <«CLlu jj^ A^t-il ^jJI jkJjJI Jl ■■ 'ij ! <j_L (^ill (^J-aJI Lojjj 

£_o roV^J llJI I La j ■ j ■ » I <_^i.T ^ *' * a 'J -J lAjJIj Clj^JI 6j_Alii i iA^LI <L^u_)£a 
ililJLjJaJ (j^J '■ i ■*■ ualll aJLfcJ _^Jolll fJLaJ <Jjial!( (j-lc- ^ 'i o ' < "> jJjtj ^-a L$J La 

<jt Ljjix. t< J la uJ I Lf^JLcj <51jjJI f-Lc ^ lSj^I j^jili jjt JjJij 

jl ^1 ."al l J ...a'. Vl LlA <jjlaVI (^LLlIaC Lj-ik- ^J^*" ^^ji! pL-iVI djOJ 

^L^uiuWIj <(i.jljJi j^aJI LiU.) ?.nn, ? II U^UJI ^1 M.V.I ^1 ^mitosis ^iyAJI 
^ (cil jjjIJIj ^LaUlj (-^JfA* aLt=^JI) o»\ ^Vl ,meiosis 1. a .V.JI 

) ■ 5 » * J-»->J . oLlLijJI -~ ■! ■ * j jjLo .-.I La II ^ ■ ■■i'i-v II frl lAf Vl^ J nil *> a 

ij^L <-l» lq 5JLluj II jjI£lII ji^ioj Jjl^j LJ l!l drJ a^kVI iiLuJI 

(j-a JJiL^JI ^_£Jl I j_4 J-ti-a iill_LA Cx^-i ^JJ-)-^ J '" a" (j-J-ll J < ^> () a I I ^j-L^ 

^gj'i < 1 1 ft (jJI «i « 1 J l~ II O-t-ijjl Jit JklLlj £_a j .(1 J 8 1() 11 ci-fll *S a II 

* ^ * s 

jJkj - 1 a_n^LaJI jxl mt'tVI ^ 1 j tl (] a*1 <- SLaJ-aJI <jLj_aJI 

• 4y \ -\ H jl I ajjA j ^»^^ > - ^ I >"'-all ^1 ma'iyi << u ni-^^li) <* ■ 1 '■ II l y J a 

jX^JjJ)! i_S j_lu d-ljJ ^1 i a jJ j - ■ II I mLu LiLlS ^ j.. ■ I _ t l "< II I j_A ^jl 

^ ^ 1 1 Hi La ji-^-ij I n j n j i I a_J| ^1"-> 'i (J jJI jjiJLi ^tltLuiJJ aLoj jjJI ia jUA. I I » 

.J_uaLaJI li* 

.^a „. ? ii l^uji jl (J-j^JI) u t ; -" ^UlLivi j> /kv.i 'yj 

<j_aJLj aj i * f (Jji\ ^ i<*i ft" ^^A^ 'C?JJ J ^ Sj__>JUa jJo La^ <L^J cLilaJLi 

<jy ^lia. A.L* (j 1a1oJI C*SjJLi (iLlj ^-aj .^U'iSII ^Luijyi ^ L*_>*C j^Ji LljjAi 

«> * *■ 



.(2-2 JUJI) Jr, ill r L«iiVl 

jj^I iaLi^ dj~>"ll ljlj»1 ml <l(j uiij t5 Jt i_sLijJVL qLju i^II 

St 

I II (jl j I i til ^ u I'll o"i n £j ilj.-a j (j-o LiJj- 0 I (j *i o }15> <jV <^ uuj «t 1 1 aJ I 

(J j L*_a (j^LuoJH j .chromatid Ij-JLi ua j! Lii-j ■,-> LLi I « j 'i n Sj-aJ^aJI u a mi 
jAj X <■» mm La (j^K mil centromere ^j^^aJI ^ \ r..<ll ^ ml ilkia 

Laj^Lljl I mjl j 4j Jl>^ qIjj)^ nJt Lva ~ a **'"■ j (£Jjil\ t-S^UJI Jla-JJ dJj OAJ .<L-o 

s 

jjja Sjj^jjJI ^'i illj oL^^JI ^j-e ska oil ^jj-aJI ^1 «Ljj «fUj-> nil cytoplasm 

Ijjjj <j^VI t^yZ- I a ftiAaJ (jl > » ■ i a II (jl 4 in II jVI J nit'ij .SljjJIj (_£jlaJI jltlaJI 

t-\ I ij t^A \i i .fill ^jjt mi 11^ CjI f»j n-ill ^Ifcjn-v ft (jfj J*\ inllL JjJ ^jlk. c- 1 i.if 

~ * S 

pi j i s <«-~i II Jj-^. (^1 (4 ml 'i n Sj^a. j Jj-^ n i l I t-J J-jJ-a t \ iti f , 

* SI _* 

. a^wlj <LxL=». Vj-> (jlli il U"i a ^1" ilt JjVI LujJ y inij <<iiLoJI 






^ J >~ * J U" , uo ^1 «UJ uia d J; ^1 inV.I jl <(> UliJI hoSuVI <jUf .2-2 in II 

J laJLlj <(^J>^j-a-)1 isS* ' " n ^ tj- 2 CjLiJLi-L^JI a laJJJ .^j^^^aJI * * ...all J tf ^ j 1 ^ j a jjJuua ^j->fl ni 
^aa>JLJ ! -v ."a.lU" ^ diploid I o JjailLL ^^Ic Ji^>-> *tj oLlxj-wsJI CjLLI Jq> jj 




.(jj ^Vl J5L__* <-> Lojc, &\ <meiosis ,_a ^-Jl ^L^LiVI <_,VI jiknJ 

( ___4 *V<I o j II I o * L jV L-j 4 II j.1 uu-LjVI (j_o <ij jJL^l 4*jU» II *±j>j 

I * - 

tdljj <^Li5 Sjjta a 4jln*ll 6JJ.J . ^L__jVI -lie Iji i ir-> (jjjjXitj <j^Ij) oUxj i^ill 
■X^lj £JJ ^J>^-> '—'J ~> <3— 2 ill II Cil jU - ^ I I ^ (j' U i ii~>" imj 

l_e___c. (j__J <5ljjJI SLaj j <L*-o d*C .1 « ciLJLj-uaJI (jj^j <<_>l_uJI ,jk .ciLij-j II 
j_Llj <d_-._>_-JI aj-4 ^-ij .(j nn'sTt j I t l i n* ^j_a jj^Ij i^ i '< n Jl ^UJ^VI 
(j-o I 'j*^ a jl ■ in"i*tl jL~i ^jJLj_i^s Jl. jjl '"^JQ*^ ' a II J^-»> (j-a I -s "*ilj 

tfjL-JI X -j^-JI J_.< .7,- 1 <-G-.>aJI jJnjmill ___J lIIc < I o (j j j 1M 1 1-> (jjj i7i 

.(jLjjJI ^LuiljVI J n~. -\ j t<-- LaLa" tiajUrtJI 




^1 ___,k_<JI ^LuuiVI j*— I -io*- .,^.1 jtVI J__-_5 t^l ..J.^-.JI j^LuuiVI <A** .3-2 Ji-iJ 
jjj^ --_>--> "i 1 hi (_rj"~* Liil--) haploid Sjji-o Lj^li. jjjI (jJI "ar I inn J_ j~* 

.-.I i4 i ^y, l-_k.lj Uflfl t _ j ^aj»*t mi i4_-tlj &j-i .^^1 CjI i* i m*iI1 <_P'_J,>II ' "^J~^ ^3-° Lpli 

(ijl h-iTiVI tjjj <Li1 .-Ijill J-i_. j^j tjjj mi'i'i n ^i li I if.ll «<jljjJI <jj . j».VI ilia 11 

(j-S i>J^>-J L»S LoLoi (<jj"l« n II <-lJLJ UjJI jj 5 hi II j-o (jjJbjJ) pLktV yLicLuQJjj j2jLjij_ua.il i i*ll_l 
5jL_JI J 1 1 _■"*■ j Jjj_u J »"■'■* ia. jjjjjjl "jj_j___JI Jj J ° -"II < I ll j"l nil -^| jjVI _jl JJX ^ I tljjl .1 ...a'.yl 
^1 infl'l l Jjl £id--j i_i i-k ^JjSyjjJI (^j"i mi o II (Jiuuu jJ) tjnl jJI I 0 irif i t dJJjvo j^J&J <jjIj^J1 

^1 M i a'i l i_Uj .^uxua ^jlc I »o "i n J$ jjj^jK J-Liiij ^.H (^jjj (IjA (du-^aL&j j j V) a 

jJI jiJI .f>VI <11_JI (jjj j^. j-JI 

(j-lll (JA-JJJI-II Jj-fl-e-.ll ^AaA-sJ I «Ui J-fc"j .t, >---QJyoJI j*L-4i__L>jU ^l___J_jl jpk _ L.JI [j-JjJj lj loljlil — (j^l 



^iiio (^jjSLij .i_il a mil ( — >jlai 4 i in* iljUaTLa 5.1a. j (j^'s iiuj A*ifl (j-o Jjl jjl 
*l>a.Vl " (_;t) ^Is^kJI Ciln'tni'll ^^l^i ^1 <<i1 jJa! Jit i_siUJL iLuaia 

( _ f ic >_il ii full ^yjjLw 6J-A Ojmll 4 Ij mj ocLluj tJt\~~*A II (j-ej f ( " S JljjujJI 

^jjjj^o (jlaJu uaJI <Ui (j^J (_j jJI .."*3_J1 ._>^VI jL^_>| 

SjLJI v_iVI iUat! LJ JjiaaJI >1j 4> J i/ill ^ 5jjJkJ-<JI SjLaJI (j_u (_>jUj) JjIjj 

^pJI 'k^UI ^ ftiA J .jkVI <*J-iCl ^jJI JlAXJ i/i 11 S^LIaJI iiklaJI ^ "jjja.jjjl 

.<jj) i Aii 11 (^j-i ^ ij -i II jjliill L^ji 
a \ n ,,,La. 1 a ti - '> o J< iti" ^jjJI <6jjo crossing-over j_>L_lll <jj or .u<_> 

La^ <(j i*l&J*La a (j «"SU\ * ^Jl tLxtLa a II j' 1 '*' i^aJI L=>-jj '— wa mi i <<jj iA» II £->jtj 
£y> £jj ^jlc 1 n (j *i ft J£ ^ji^Jj j 1 -i ^JJ^J-I '^^JajiJI jkLuiijVI ^j-fi JjJ^J 
<dJj J-»_i .^yji t jlll j»-t"jJI (_j-S «JjVI ^Uj-*^ II ^1 uiViVl)) jj» .CjIJlJu i/i II 

jjJI V j " A c>ljj » j i/i 11 jrljjt ij^ t T * J > " ' *'J r<( o^ t > ** n i t't U J^LA.j 

<4_iLl*JI {y> S J^-VI "JalJI USA Jit .<jjl jil oSfl J*-^ '<Jjl>«i CjIIxj-uo 

SjLaJI Jjj^jj (LLiLu Li-ijJ CxjL$ 60-^.1 j <tj 1-> ^-o VjJ Lj^Lk LjjjJ ^ I i ^ij 

^jlaJJ jl j .LjJ^ J-jjVI L^UJI ^jic CjC^jj Ofl ^^Vl ^ {y> 5j1usVI <j*ij-> 11 

„V3UL. J^UJI j :? H jLL^JI Y jJvi ^ LliUJI 61a t> i-ilk jjjti.n 

J^LiJI -s 1 1 ^ ~w Ti 11 y JjJVI (_j.it cSJ^l oLJLj-ua J-ij '*\ j 'l i/^l l 

j-o j . ■GJ5 >j ~> j j d k II ^jic. liLijI J alo <_j\ uj^j • j ■ A> •> . 1 1 ^ V jL>JLj 

j^yLaJL _ >.a«" II ,Jjs JLc jji ioj r^UII jiJ <La.j Jj^-J (jJ^ <Qaa.^LaJI j, LaJ* dJj 




L <La4Jj1 i/iJ I) jkjjj^j^l ^y. (jj_Jl^JI ^l^uJI ^jLi ^Vl cJ^JI ^U. ji] 
_>jJI cLo^^JJ ^jLJI j t,A oil jji U <l j j^il 5jl*iJI SjLJI ^ 



Loj .(ilJj jji f-^yi ui^f J *^ *<-*L^-iJl ^ <jl < j-^t £_^LiJI J^La. 

cjIAjj^w "I '■ ■"■ j^^aJI (jt-> <l>ifcl iot 1 902 ^Lc <_ilj^ I*- J-» 'Jji. 1 * II ui 

s & 9 ^ s 

(j-o Jda a j ■■■*' d .'../» (<Lj^£ iti j^ic SjLc << 4"i I o ( j s _jf£j) <J_>^Jo «l > U i 

jLuj ^ < (I j -\ V 4 'if, Jj^aJI j^j'l in) I I *t I n| I iAn"> (j-ij i t i f J~> i ^jjs <fc j) n ~> n 
<<jjlj^JI CiLo jJjlaJI jj-o_>j ^yit J-oJLj CjIjJJJ_)jJI (jl Jj^j <_r^' 5j *S<l l ^Lc (j un-t't 
U~~J"~ H J-iu^-iu i_silia.lj i 4 1" A," Jj^- (_jJ[ Q jfc "I I (J*I -UJ >ll (j' '— '.'"V 

C5>> ^ "^~ > >ill-j-* 6^ <4 >J^4 ^ >^ ls-^J •4 .'*»J " VI 

(jl^ t(_Jj^jJI 4 P ) mi *i ft J Lsl^J-cl ((^jjjjJI (j A -» ILj)> ^ n h i tp^J^aJl ^^h 0 jj>3 

jjlSlj .LLa»V Laj^j (^j-lc (^li-Lu Lf lJI cjIj^jJI (j-o j^l £jj (3-° l^j"> (j* Ljj^° 

4 111 UK <J J '"■ 'II 4 I a I ' II (j-Q L^-jUj Sj-^ lf-10 L^-jtj 4-lJjjJI (_yOJ ^> II o jjb ^1 jUl'l ) 

\ ,j I a " j^JLlI oLo jL» <v.1l jj-o JjL^JI ^Jl I j-A JL-^jl ^ylt S jjl_5 (j>£i-l Ij-=»- 

pljflj^ II jJLfc j cJj^JI <-a jLc • ^ cr* ^J^*-* * j^J' ''I I" 

^^l^-o ^ jjJ>«JI .(1955-1877) Oswald Avery (s^jJ\ jJIjJjI ^Ljj -> II 

<a1^_«JI J-ol^ ^ i A n\ (_jjJI j <<-i. Ljj's niLa jj <aJoLLo jj-S ^ i i'i! U 

Sjji-aJI <Lo jjjj-^. <LflJjLa_a ^1 j_j-Lc CjLiiiljJ (£j -y i (5 J t "i ^ II CjLiVjJI 

^ j 5jjJI cjIjj JjajL^JI ^j-^ssjjJI c>\ j£\ ^ Sj^jaJI pneumococcus <jji jJI 

iijjjJI oljjiaJI jvjjlj^. Jj! 1923 ^LsJI i\ \ Lsj^^jla ^jl^j frl a (j^aLLjiVI 
S3j . f\ ml o ^J-LJ (< < i ii jj-Li) <£^La CjV^Luj^ \* II d *■ i * "•- j,i i j d ' " 'Jj ' a V 

^ J^, ^ ^ill ,(1941- 1879) Frederick Griffith 

ol 'a>^-^ <-> fao-JI S Jjj (j-i Streptococcus pneumoniae <^^i >JI oil j 5 » II 

1930 ^Lc .^>.VI ^1 UIj^I J ^l— Ulj <a » cV^LJI 



(J-"=>l» ^yJJ (J-najil) <L}LaJI oLua^La. 4 l-» < i il^j (jiaJjj <jl ^>a.l (jJI 

csjji'l J>£j JJj o*j .J^-oj, j-ol <JUiJI Jj>l*J <Ltf (^Dl ((Jjj-w'iII 

iIu'i" CiLa_>j-j1 <CjI jLjjjj_iJI (jt J_a-Jj < J-Jj) -» " II J_t«al 4 « i J ,ta ■ >«.*•»." 

jlj-aJI (£\ <pl Lj t t I II \ , i I " *> oLa_i^j| (j-Aj 'CjI j\ i i I 11 (jl l_ua_il J_a.jj . I *i 
Ij-Aj <« J^j )~k" I I J_«ol» _>Jjtj (£\ I4J <_>"jJ (L^LaJI jwl^. <LiiajJI 

t> ?1 . . .1 . . . ^Ij^L. >2^J 
„ * j ^ 

J)L_ii ti_i?f. ^J-C LojIj ^ 1 ftl 5 n II Ci » I Q i • j* »J 8 cSJiJ- 1 <J«^ a *^ J j ^» o (j^ 

i(jLo jjj_ui jjj Ct i*S cJj^LS a ml J 1 n*S I (j o ml £— aJj <_ij > _jjjl (JOJ) n -t II 

.aJLaJI aLoIaVI j a jIjVI t>o ^J^t-J ^U^" ^1 Cjl%>aJI ..-Til 

4 1') ijj^xll <_jjiijJLi LxJ jj* jjl^ (jo » 1 ILs .tlilii 1 ■» Q o ^-XAaJI t ^-i aJ 

j->-C- I ' '"'Jj ■ (jt^ Lo-jj « J_> j -> "1 II J_nal» (jLj 6pLtjl J-i-alj <Lil <La.jjJ ijljjJI 

t 

dl 1 11 II ^fl jJaLi '^^J ^j^ a J C^'j^' •LSJ^- L ^' (jA a-^ ILi I lr» >"j-e 1 a .^."^ > 

-1908) Alfred Hershey ^j-a ^ *1952 aLc ^ .i^bJI UJUl 
I jjjIS ^Martha Chase U hj li^U <^ j^'mll j^i. iJUJI <Gjr.l j .(1997 
■ 1 * 1 ~" ^yill cjLujj^jiJI ^ j ^bacteriophages oLpLxJI cr l£, L^jLaJj j>aLllj 

(jisj^iJI ^ A^JJ j j« mil l j in'if . <jl JJ>£JI ^ JjJ J-ij .(^jJaJL ajjIj^sJI 
Vj oLjjJj>iJl jj-S -^JJ iIjjjj^JI j .>-.'»<■ ^Ij (Ollvlj^jJI ^j-S J-=»JJ <f Jjlll 
j_>-olc. Jjj=>-j (jLi-o pLiI5l J^La. tj-aj <iJ 0-0 .4jj^jJI (j^a j «-aJ I ^ >^?"J^ 

AJJjJiJI <L»Llo|) (£jJ*JI <LxLaX. J^La. <j1 <l^^ia1 <La_g_Lo A. y . mi n J^lj^l alj-^~i iiiL 
d ' I a II jjJJ J^di (^jJI i J-^-j j-4 4 iM » I I (_5j^j-Lll ^jA-a-aJI ^jLi <^<_ijL»JLj 
fi~> II (2)Li aJLxJI ^Jj's'JI ajj* Cixlfil dij .L^jllij jjj Jjja ^1 (_>ujJj <<L>-o_jjj^»JI 

.AjjIjjJI CiLajIt nil aj i i mi Jn^« > (_£jJI ^Jk (_5j^lll 

(j-aLa. (j <~ > *~* <Ltij Jj» ^j-Lc j^Jaj J-^a- <dUj i Af, ^ 

" LijJI " ft > i_ijj_X_ cjl ^ 1 7> in ^Vl ^j^j 1 't n II ^;jj-lJI ^_j-JjJ1 (jA n ~> II 



1 868 fit ^jt j-JI Ha ,jJI ._i^*iJI p jlj .deoxyribonucleic acid (DNA) 

jj-o I (j t I f J ir-i Li^Lk J-llj j hi ,i o dlj-l-)j_S C$J '"-'J) "' ^ '-'J t U II J-f^ (j-o 
j-A £_i_fijlj . 4 IV I ji'n i^j 6jJj ^j-S Jjp-w I ^\ a 11— > 4->j mi n JI Ciljl n ir\\\ 

a,jjl L^LL jl £_a j f(_5jdaJI <jjL=>-o J^k.! (j^s ^ ft -> " »l io.i.i a>j L^Li. ^IjJ SjLc 
<(_gjj J JO^^J j t n"~ g-l iAi JI a>jJI Lj^iLL (jLi <^_5jjJI «LajJ J -a CjLijJljJI ^^-S <=■! j n -» II 

1 _u£jjJI <LL13 <i jjlo (J J[ i^-Li-i Liili <LLa.V J j-j^j La J£ 

^1 <J-«L£JI a „ ,„ l -jj oj^j dJj j j « a " I <1jjJo J_iAi!j .LiaJJ ^L-oj^JI 

I lij~> n-* II lift p-^Jja. 4 i itij •QjT' ui^VI *t ft II ^jjjJI jj-LJjJI (jA n-\ II 

lj-a (jj's o JajjaJI j k">'iLj <_> ioojjj Cilj^>J 6jljj-al <_yJ-C- c^LjjJo 

■ 4 j" li mi i^Lfc j n ft cjjLLLS j < "il l (>o CjLIj^ 

Ltt^J . ^4 n ml {_ya (jlp-j^ I a ft « ( jjjjJI» j "U ' 7* '"^Vl Q^J) * '* 1)^-0^ *-H (jM 
jjjj_>^ Cjljj £-fjl o-° 4 l-i j -lllj <JLLa. (j-o i_flJj-o jj-ajj-11 jjLfi 4—2 (J£ uJ I (jaJJ 

i—LTuLj j .<l3_1oJLi <t l-i j "ij-q p-l ■> it.? ^jJJ <lit_ual <6j_=wl j Sj jj 

Lj-a II jj_ij^JI CjI 8 I -> A ■» ) t I j n-i » t -l-i ij-J (^j-jJI 4 t"l ° in j 11 CjLcj n o II 

ClLa in a II CiLc j) n ~> ft (2vf-> i_Jjl >" II lj-ft Lai n" LijJJ jj^j a a II Jj.qaJI <(jj| 

i— fiVI Cilxa j ni*i1l lift jj-ic jjilj ^jJI i-v in^^l (_j^> jVtnll j^_ajjjj| Cjlt j»y j 

• PjjJMJI jj-o (jitft JjjJo laoa . Jj-o Cilj^JI 

e&y*. (j j-s ni< VI (^ojiia j^JJJj <LiLa. JSj -laJJJJJ -(5>5iJI Jj-*aJI J-ft lift 

lift «SitLB» 4 nKlj .nucleotide base 4^j^^aK^iJ| Sjx.LDI ^ » mj 
^ Lol r^Aft-t II J^Ujj i_j£>a s-L^u^JI ^, lc ^ SocLSJI jjV t^'ia" J-ual ^ mVI 
(_j-s •> jj " 1 ' I I Ciljj J^2k.j jj i ti t «6Ax.LaJI» q IU i^i o (jLi <oLi^jjJI 6,1ft 
axljJa £-sJ\ LjjJl ^ j^jj .pL ftj*CH ^ ox.1 ji!J <JoLc 4 n ,n j ,,-,1 II 
<(G) jjlil jAJI j <^A j-o>!lj Sjlc <J\ jLiu) jjjUjjVI Ijjj^Jj ..Lis 4Uj_PjjJ$^l 



lia <j_Li j» o t j J\ C^ri ■ (Ij jJI) u;-.? ■■■^Vl (jaji'mH tr^>" g^-" * H .4-2 J<imII 

Sj^-lj Q,'^ 1 1 a j j j (C) CiljJ £-*J^ <iia. tj-a t(^j^JI Ij-A ^-illjj .j ^ mi l j^JJj 

Sjj ^jjfi Sj^».j-aJI i'I <4Jj».l j u£\ Sjj ,2,1 J*i ~> ^jVI <Uajj_>^ ISJ^' "U-"' £-« «(0) 

'■J.'? (j^jlia j^JJJ fUa^V Ocjj _li i(1 ( -»{ mil) II j^Sj-ill ^yjj'i^ II i_jjLaJI y^jjjiJI 

^it (j^jjill oljj c^J^-t^ i-iU j'jl ji (ikiij L_* iilo-o ( o \< 1 <5-2 J*s i% II jixil) "ujjj jjK^j 

(3 p j mi l) iilaJI UfiJ^ S J-V CtkjJjl <jj l « .i i i <-Cj n ylj ((2 j. j i.i I I) ijLLsJI 

.Lidll (jAn-. j-4 <U ml , nil al* •u*- 0 ^' t.r'! of*- 4 >* <iLjL <l ml ... c-LktV 
^jjtij (LujJSu oll-j^a-ll ftj-A (jjj <jl iti'i'tj .(T) (jj ftj't llj <(C) (^jjjJjLjoJIj 

jjjVI ^lcljill (jLi t^tjiAjlJI j»-ujjJI Ij-A (jj> ,jluli L<^j .5—2 J£-£JI ^ 

a 

Li>^-> (J-jULoJI (_j_S . «CjL-Lij^JjJI» j» ml (jj iM j ft II I (j l I f Jj 1 l-i j CjLi^j-qJI 

< i i i H ojjij .(j^^.jjJLLllj Jjjj^j^JI CjIjJ |j-o 5j^.tj 11 3 La ^j-t ft i" II j (j ' mJJ 

<(£jAii\ J j . n i JI j^a-lj 4X. j) ft In J-JjVI JX.Ijill 6jJb CS'^t c^-f 

•» « * 

djdJ otdJ La_l j • J-Sj-o J 'l f ■ 6JX.UU jJjj Lo Lf lc ^Ij-iii. jLla.L dJjj 

.>a. .All Lf l£. ^(j-i LjjJI ,j] (^j.ji'nj (^lill (jl^ IjLaJ yVI 



G u^lji. 




^uljillj (A) o^jVI y-si. .^iuJI (j^l^Jl) Jjj* JS-i: ^Jl ^jVI acljiJI .5-2 JiAJI 
4jjLo_jJI dljjJ!^ qI '• j 1 '^ ^jJJ (T) > a t'JIj (C) in II ^aVu t * '^ j ^;j.>^ (G) 

" S j-iA^Jl ^jjJI ^jlj .m" imVI " 4 1 "i \'\ I nj-%7» in n i^LtjLli jja-j <1950 jxLt 

1 1 1 J n ^jjjl-AjQ^j i^ia 1 1 11 g Jj-iJjjVI (j-a 'Li^jl jh'u _)jjLi-o i^^Sjj iaj^-ui (J^jJo ^-lt 

<[j t t" II £-a Lulj (j^l^jjj <i_il i i.iVl ^j-a i 1 1 in I (j-ij-ijVI (jLj ilLlj jj^a-jt tiij 

j>i iiSlA-o L^La. ^ L^lj ^ u^-ft Lfj^-I i_j^Ui.Li i. il"<-s"i J£.l jill jjji 

i 

^jj ^>i^l J ^ If. <jLa,^LaJI t>A-A cJj jij (^jjJI) JjIjjjJI 



^-Sjjj Jjl (j^-oJ Lo^ LoLaj <«Lj iA« II (j^aLa.j J,Ki jjk Ijj i . ij*S^J ^J\j djjjl 

^Ul ijlaJI Ltt^-o <Gl UcljI i-sli. J^j jij .<jL-uaijJI CiLkLa-JI 

^ijljiJIj (jjjjjVI) oUjj^A! (jJLo^yi jlj-LoJI (jLs <Li>iJJ ljju^a-a "LaAaJi ■■■ • 

(j j H j (jfj j"' ' " ' I I) till JJ. 1 i n i j-U-U 4 i ■ 1 0 *> ^Lui.yi jljitJI ^4 (<t-LLaJI ^^^.jJj-aJI 

* * s 

j_9 1 aLhj I o ml a (j^ CjLo j) .1 1 n II 

s 

^yjJI j «!_■*_■ ■■•II is-iVI ^IjJ-il oLujIjJ {jC Cii lii^J ^yjJI CjLo jIjlaJI Ciil^ 

"it 

(1916 jjJI^ Mourice Wilkins j ■< Lj c^jj* cr '''I'jj.'' 11 i> ^ 
I d Si "> '» j ,7i \ j <^j.\ \ I \ £jJ>£ j » \iSi ^ (1958-1920) tjj K'it^i .LlJIjjjj 

(jj-tuJolj (J " ft J ~>J (dxj )" .' >ij J^ 1 t^-* 1916 ^Lc JjJ^_aJI) ilLj^ ^yoJ i ii*i l^>j 

ciIa t^j-ll ^^-'V ia^oLa. ^ (^£K_i m. ^ 1928 j».U. j^Jj^JI) 

j».La! Ijjli <ol >aJI i_sVV JJjJ La^ J .IjjJI i±i-> <j£. iilxLaJl £ jLiiJI jLsuV LfcP^ 

(Si nit nllj iAIIj (jl 0"-> Vlj <^lijj^l j < u iiill~lllj J lj'-t Vlj i_i i<Vjl <Lna3 

i * 

t4jjl Luj^l i_ifll JjJIj i—ftial JiJI ^JoJto CjjIVi ml ^^jJI (jjj-iajl (j_>^' oLi l iti'i's l j»Jfc1 

Olfl JJ ^jjJl ,jjK'tljj (jJk 4_ia3jl jj-S <Uj.<.ul,nJI ?j i^i A .till (jl (_j.fi (.jjj V 

I (j i -~j « j <l_a_Ajj < j o 1 II f^ya ^yLj*)L!li\j 4 » il in II ( _ r J (jAi t I n II gjUaj-iu i_i tint 

^U" SLaJi : (4) lflftf ^ l fl « ,.>^-...- oil^ ,^1 <-tli^JI <*_i^U j<IJaJI 
^.Vl J 

<jjj^.ljj <dkj ^1 <jjjjjLo «i > i^i-^ iti (3-o (j ^j K jl ji (jt-i J JS^JI 



CjLiLaJjl ^ <A^aJt .5jj-L» ..Jl <«_iVI (j-a <A>a. ^ j° jj^j <LjJj <Ujj uJI «L«_*i»Vl ^jJul (4) 



km 



»*«?! ft P 



(J 1 1 J ft I 0 ■ l[ j U *i II jj i J *> ,t j .ijJLjJI jj l-i in II ^^J j,J i"i I jjJk <lj'il in'iVI 
(JLa>jJI i_ial^o CjjL£ 1*1 1-. mi^.11 <jjfiJI i a i«~i**i n I i'<l U ijj i_S Jjk Ljjl nr. I 

■ a jj) 1-vi n j_lC ... (^jjjJI Sjlaj (jn^» t tg-l ni'ill al^t'i 

»l /> , I A, » K'.lj a S^CJj <4 n I mil < 1 .ti SU S>ia-J pLjjJ ^1 i nj jjl^ (jj.111 ijin oil 

i 

cj-iL^j ■■■ U 4jL_iVL oljj-LJI flc Lpj^i. ^ SjLsVI j <-j K II ^1 

j> -> < 1 1 <l 'j fl =» * II <Liixll ^ L^jjjij J^Li- <>*> L^-jj^- <— n mVsl ji (jj.K'il ji 

£ -\ Ti ni I (j M LoLaj ^ iAI^JI <j^i (j^> j»-lj .cAjAJ uin II J _j-o V Jj «U -> II 

^ in" oJ5>ll tdJj ,_ji CijlS j i 'tj< <-j-l£ <jV <Jj)^JI 11a J-iJLaJj 

oJ-uaj Loolc 1 j , Al -v j 'X I .j . «LaLxJI I j "> r L5 (jJI JjAjJI (j-o pi in") II 

^jLfijjiJI J in^i Lo jjLt j_uj j) .LijJI ijujljjj aj t"-^ o *-LljJ I (j 't ft ^Lii i«La.Jj^>VI 

Sjjj<, n II ^jLJyj Lo Lcjj S.\j ^ij'ij iii II «Lr_iiiVLi i^il jx.jp jj jj_^=. j_j.Lt 

j_j-Lc ^ in Ul jj dJj ^ ?> .ti J^j . 6 jj)_uo «t i I r (jij-C j t^jjj in Inlj) jii n i ^> < >1 iti II 

^JjJJiLS (jJJ 1951 j i n~\ it, I Jj>L1 ^ji J S "''I ''-j^ <LijJI <Laj <_luIjJ j^jir. J-aJull 
a jjJj jJI j ni l <-ij-l mil "La-iVI ^ljJ«jl <Jt^o A U")_>l 

X- 4j\> mil i»-iVL ol jj>JJI jJt ^^uiuj^o ^Laurence Bragg j^l jj <juil jj>J 
ixuljj ^ v '>_> jjl^ ^jJI «d_ijS (j.M m'tljli ^ n'l-sl dliAj .ray crystallography 

.aIjjj^jJI 

ijjjjjLjia.^l (jjjLill jjjj j»,li<U ir»l J i<~*~> <1951 j-LAijj / (j-iLUI (jjj-Liu 

^ljI5l (jj*. afl I" II jl) «i <■ I ■* II 4jjJ (ju-lJj < ajtjJI Cil ■•■!_» a II (^jJI jXJj jLj 



Ci lj IJ1 I (J 1^ <^ j " mi n H icUJI J^i-Jj frl in 'ill ^ n uu U "| iK (jpia. Itfj-uLi i'l-> i All (jl ^ ^ ■ '■ ■ V (5) 

•Ltf J ' I I U>^l' 



(j j "" i H jl) Jjlj-aJI <JjJ U"±^J JLp-JI t-^'j lL 0 ^* <j4 J^^f >s"J <CjIj j mi" I I 

Jji I ~> " (J-*J (jj K'tlj-fl jjJl J_OJ_Lulj jjjjJ (jJj (jj lllUI J l_lJkJ .Ol llll Jt II ftlj^.V 

6jjl»£.I pLjj lilj^ £-a ^J^_>j-ol^ Lfcj in n jLfc »J .1 0 Lag (jc 

LjJLajJi ( _j r iJI C)LjLajJI <j-o &^>f£j"i_i jjl jjj-uJblj ^LUj_luI LaJ tjj 111 j" L»_a jjLjjVI 
- jrjLajJI f.Ljj CaJjI Jj9j .^-JjaIII SjJfcl ii i n] £jJj>£ ji 'tj'C (JfJ - * '(!),' 
«U1Aj <j1 _ 4 |V\» nil ^jl j i <-i II j d^LuiVI ,_y> <LC j'l inn 4j<jfi-v <LjjLa £ jLaj l j-&J 

^jjl jjUI ^j-Lcj <£jJ>£ j-*-^ i3d>* J-^J -C^j-ll (j-* IjjLu' <jL£ ^Ul 

<jL>jJa I i -~- •! I j . A. Cj 1 n*S a J jl jl I I /i_a J^-ilj" i (j^J ^-1 4j| 4 -s *\ I jj) n 1 1 1 4 . A Sj 

^j^^iJ Iq.'ic I _> I aJLj LjjJI i-ujljj jjx. Lsijjj (jl tiL^S ,j-o ._i IU nilli ^ 

cut* LpV >^ 

J*S hi" in Lojjj rSlj^JI iLiJj i , ftil j-JI j^jit M-tAi a-Lvll ^ 4j*\ LaJI a. jfl a n J>a- 

.6j£j a.wi5j LaJ Jj-^*'H <LLlj 4 nil 6 jU-s 11 

.Linus Pauling u"J^ C) Cxi-"'^ jj '1952 ^ 

klujjoii L$j! lj-aaj l^4-S <J nuiJI ^yifc L^la ^jj-l JJ (jl^ Ijl <jl t^-ilj .<J uinll 
iii L^iJI <_uuljjj 4 nii'i j^a-ll La^J (jlj ^jJ j£ j i 'tj's iliK /Ja J*-aJL> 

L _>i>j-c. <<_L».jjJ1 di!i u-ii .La jji. (J J[ <_ljjx. t^j-i J i<-i~> CfcS^I dJj ^ . jAl 

(jjj (_>o 4j\j mi l «L»_iiVI JJ-^° (S^i cXJ-^'j (_jpLt 3^fJ 

La t -> UiT n <Ui Ctoji /j. K'.lja Cij\£ (^j-ll 4 *> -lL II tliLk^VI (jnK n ^1 <L jja 

lj£. aJ, \~k nil |kLfijVI (jAl t I n([ i^i ii-i[ <jL^jJI (j-fij . pi > In 1 n ^jji 4_JI C) I i^i^ 
6 j_A 2~ ° h~t { j?L\ I n Q •■« jjjj (JjJjLj (j-a I ft" J <(_j-aJj-L.II jl_a_j| 

1 n () ^» j JAJ JLujjI (j-a (j-t^Ua I 'i*^ n"> tl ml 4 1 iA i (j j ,r> t (_j-fij .Cil ml 1 t II 

^ oj^j ifi^li! Nature 4 u ^ o i5j .4_Li ^111 j'>< l_ tJ ^1 j_>q it.ll 



<> p>J1 (jl .6-2 JiAJI 

.k^ ,jK u^u .»i-.n <jiji ^ jjjji 

jj ■ — ■ ill X i_S jjajl 4 i .mj ^jjl pljjtiUI 
<jl Ci *o I J-Aj .(j i la" *'lj-* ^ *'J ^jjj ^ J If 




.-i i 11 _>Iil j»-£jj; £j\ ml j t II ^jl^kVI ^Ll^jJI jjj ASj . (LpLiaJL-a 

.^LuaJ Uj.jJj^JI ISij <1953 J^I/^L^i 25 J^i -JjVI 

^'ij n j ,11 jjj AJI double helix £jj><JI ^JjUl <jSfl ^ LLaJI <^ ^,1 

(jA n t II j^)- 0 J- 1 1° ' * ' a " I ' ^-i-Sj <Jj-a.J-!l ^^f-l^ lj-°J ^ "~*l {£ J A l *>- "VI 

tt ? * t 

,j_o— <4 ji it.j (7—2 J *\ V J.A n La. jj \-X-a iiij I JjLj Utj Jj^a. ^j^^lll 

J ^^oj <(8-2 J^_iJl) ^HJI Uj^, II ol^^^jUl gj^t j-o 

JjjUaij (jjjl^iJI J (T...A ^jjj-ajJLl I. ft (3-i.ll j-ojj jjjjJJI^ jinn II ^-0 Lajlj £i\ UlJ ' 

jlaio ^j! ^ *_sli.jji <UaLa.M_o j niij ^jlj,!)! j .(G...C) "'II £-° t«ulj 

jljicj jl inn Jpjl ^xll jldLfi Jjlj 'Jj u-lLII jIjlLoJ jl mo ."■!*» II «^ » «^ ■*> ijVI 



//www.planetware.co/photos/scv/ :(J j j^SJ)/' ^5^1 ^ li» c;jj>JI ^Ul (6) 

RVATS3.HTM 



0 * 0 ' 

.G...C j A...T JiAJL Uslj £jljlJI ■» j.» -^Il (jl.i<AilL. <jL* (C,T) 

£_o La j J ^jl U"i" ^(jjjl^tj ^ijjjl^ (j-Jjj^JI (j-o Laj iii'i Sj jil i i-i 4 J o*S (jl I iAjI 
j J-al!l LS"H (jL> 'J^H U^JJJ^' *'N tiU^J ^ < i >~i J 

• Ujji (T+C) ^JLlsjjjJI jljla Jjlaj <JJ*J' (A+G) (^JJ^J jl-ilo (ji 

Lf ltl V jjjLi I ZalL J^S! LojJtC j . jjjj j II ilajl ji\ ^.n uij <gjl j nj's II <lajljj| 

£_o {-1 <"lj-J pi t-i 1 -» n II ^ \ n-\ tLoJI CjLj-ij^- (j-a f-(£j^. <j^f t^jLt 

I fl « 1 0 44 j-> j dL-A tdJjJ <-kjl <>o ^jj-ll II4-J <J SjjLa-JI olaj>aJI 
<Lkjl jjl j -lSj-^\ J-«> 1 j j « Ij^a. j 1 j < H ^1 <JI ,Al < U j i d\ U j -> n II 

(J-lj j <<-)-il i"r.l j lC <La_ijJoj J*s iti" L^j| ^yjjuo-i <La^Lk <Uaj|j < -y jjj \ (j H 

LaS _ jrJjJ,- 0 -!' <-J jJJ' |>-^ ,_j-a AC Lull < _ ff jJ1 < I ml 111VI J-oljjJI (^-o j . L yaJLjj I j iA<» < 
jjJLII j J< mi II (^j 'tjjVI j nj"l It 3-0 JiLl ^1 _ 8-2 J *S . n II ^ J^tl iti'l 



: 83 





J=Jj_>JI JA*Z ji^ . ej j> <_JjJ L. LlJI J^jj ^jJt jtljill £jl>; .8-2 JiAJI 

(» ? -> II (jlj 'ujilj njj^JL ijjlij (jjj^jJI (jl Jia.V .LjJaa. <lIo_loIjj CjIjj^-?-!! (j^J i . ' ^ J^^fJI 



.kjljj Jj< £Zi <j£Jj <Lk;l pLLJI ^-v o J< i£u U-o 

£jjj-aJI i_J jUI jjJoa^ <jt *H > I j-Aj <5j i" mi n CiLjjj-^ J i*S m" I Ljl-o CiljjJI 
LaJtl luAj (^jjjJI ,jr\n~t II 1 l-» i^ I nji Lo Lcjj «Ujfl uu ^Luaj\lj <jl ( j's n_i 

.<jj jUI 



I n (j 4 ~» ; f-Lf-ji ^j-ifc (jJjjLi dL_>£j (jj inUlj IjLJ <jYI (jj i" I jl m-i 

J^a-^j j i til j n <La.^jj ^j-^-j-j 4"-> i«-o I 'in I in (_^jJI jjX.^111 JTjIjjJI (jl LjJL> |jc ■ '' I j»J 

. iljl jjJI SjLaJJ 4 I ft"~» ft ^ ml u <jjl 

^j-A (jLiiyl j u£j ^ ml Till j ii 1 1 j I ft() -> j^aj (jj^ 4 a i Aa (jLi <Jjla1L>j 

«i _i Ij i ^i i" I I p-^J^aJI <jjj jl ««d Ij^. ^_jj_uJI J^jJLll pIjj ^ 5 1 5 -> II i_i i in II 



...ACCAGTAGGTCA 
...TGGTCATCCAGT 

JJLJ Ajjs* j 4 -!-* J «G a C !»jlj_>j i 'I l.'^J JjJ-i-A Jul Jj^ ^ U in II U_J a II 

1^1 (j^l i/iitj I I ,j1 jj^ajlij <dUj 

. . .ACCAGTAGGTCA. . j. . TGGTCATCCAGT. . . 
jj^Lc .<ulkJI JAb «Ux»j jjKj-.II jtljUl UaJ dLlA <jl (j-ijlij (jVI 

ULs^ LiLuaj-o I a (j La J£> J£ »n £i ta-J {j il ij-ii't, nil JjjI-i i-s IL> jill 6Jjft Jajj^ILtu 

i^jLJaJuj <aja^ Lia jjj<" I template (ll^o j-oj 

...ACCAGTAGGTCA ...TGGTCATCCAGT 
...TGGTCATCCAGT ...CCAGTAGGTCA 



^ ■ .■!'»" It j^Jc I**! ■ j3 (jj^j cdJjjj .j^.Ij ^jj^- 0 *— J 

£ j j) ft I II £_o 4J, i o <LoLil I '■ J J mjl ^ * ' ' J I'J a-ll 6 jjfc J *i ,f. 

jjl J-4> <iaX. ^-i i'i_t Lo J£j .J^-aiJI -Lljj ^ fcLi-jlj (£.111 J m l Till (j-ajjj-oj^JI 




^J^l .9-2 J££J 

«*l-ll LjjJI <_alL j <oljS 
5SjLs iojj jrlijV <ljl>o Id 




(j-o 6J^Jj <£. j_o^-o ^fi J^^.j-oJI ^ j mi \ II LjjJI LjjJ-o IjLfl J-JJ-t> LjjJI C-(_£j^. 

SjLoJI til I" ^jj^Jj <l_i_ijji_j jJLo <U^j-la l-i j -> ^ 1 f I *< I -> ijo n i ,i 

dLliS (jlj <<La.jjjji CjI it i ■ j— i H Jjl La-ij .j* i nil 4 i II i II 4 i l-t II aljj ijjj^NJ 
J£ JiJj ^ Lijil ^yJUl J^kJI r^Lo^yi ft <AL ^jaLJI <1o j^Ji 

(^j^lll ^ <*jIjJI 5 jjLJI oxa jaLaJLlj .llill (>» jla 400 tbj j^ylt ^j"-^" 

6jjk ^jij dJa o*j .JjLiLaJI ^LLo histones oLij" m a 

■ I () Jj-=- - <1jU <iJ ^1 i^i'il _ 1 a"l~ Lj uiAj <lill 6X4 (jl .jAi 1 j^ylc lj .A* > 

p-UjI J i^-tj La^ ljj-s CjLiAJ-uaJI CuLS Ijl La <illl ,_j*=>Ijj i=>-jj JAaJlj 



SLia. JjsJjji <Lj-Lj ^j-i <Ljlc (jjij LaS Si jjJI _>JX. SjJ ft~ ft j! <(^t"»J~> H ^ ■ ■a'Afl 

.(9-2 JlAJI) ijiiJI 

(j-o in ft- 11 Ij-A ill » \\ jl J . L-JjJLi JTJij i_sV! 4 in n-^ J-^JJ ili jjii ifill 

(jl i-SjJtj Ledj*. ^yiiiaJI I *i o -> (jJI j hi <j£J .Ljji jljlfcYlj _>^JI yUAauJI 

Ljjm i \SAj (j^> jrjj iSS*~~ ' riGWt s-LaJl Jj't n ui 

.<L^.LaJI ^jC <(_L<ajLfl LijJI (j-o * j Ijljfcl (jLi — ~ -> II ^ ' °''J ;&LaJI Jj'ift m iSj^Ja 

n ft 11 (j1j <(j»-il ~> <La. ^aj <L^LaJI ^^Jc jjAjLs s-LoJI Ji.fi n m Ljj (j^jiijj 

«LLkj_o <x. j-j J fl'ir.l LoJ-lc. ^jJLslJI ^j"> ... n II lj_4 ^Jl j2 oj^~! <l) 

J aLi^L^. ^j-S Cil i»i II (j-o 4 uuluu <X-j n^o ij^jJaj £ya Sj ~>t " ft 

Jjl5> 4j| Sjj-Ls j >a a £_o Laa mJLo Jaj («<l i i i/ill i— flcl i A ft» LlljLa 



. JLi^.VI 1 0 1 51 '**>"> <JLuij j-& II j-ij <ciLaj l» ft 1 1 (j>^— 0 j- 4 LjjJI p^jji. 
ill .At .11 <_^L<L!I eliJ i^jiUI oLa jl»_JI <iLS L( lc t^jlaJi iJLui jJI 6i* j 

ftjjk ^ « j i 1~ J > a^. jjJj Jj I ' H <Jj_ujVI SL a II Oj-S Lf lc <d\JLi\j <jl± j>j i"i 

l^LAjLUI 4 lift", ^Ul L^UJI ^L5 J^iJI o^LaU ^ oLip j^l 

<J_iAxJI (^jj Jl a II (jJfc La£ <<_)j_ij_i CiLjojjjjJI AOJk (jj's" oij II . A t II 

JLa— II l_a-^ <<_i_L±Jaj jl <j 1 iti II j i_i I -s n II j ^>_sLaJlj jj iAi II j 

JlaS ^ylJI Cjl j I ft « I I ,_j-S ( j V <_yJ.ll oLaJ^jVlj (jjJ^ii. J . ftJt) I I 

J^-aj ljj <<jljjJJ <jjS[j-aJI <LS-ji=> jJI jJb ol'tuj^jJI ^jnj . «n -> ' j . LljjS)) 
jl I 'ill 'ij'jjjj 4 j L in j"> II -.1 U L /, It JlSLiil LijJI (jl (j-a (jjijlj (jj^j 

LaU jJj^Ji ^! (jV <iiJJ^aJLll ip.Llll (_^a J^J* IdAj .UjIj£.V < 'A ^ II 4jLus*JI 



6J(j ,» j ilj-ti-a j »j a "■ II (j^^-i djLta^j .Li^j^ 4 \n mi <Cil * ' II 4 < >kj i_U^" 

.10-2 J£_iJI 3\\ r n <^U,VI ?jKi t H LjJj «"<JliJ Lij-aa." JLui 
jlj ^polypeptide aj" ^» xiit j_a ^jJij^jJI J>Lj ili^a. _>i£i <Jl> <^ s j 

S 

SjjJI <jl , -fij> 3L - & Jlj -(t-iVI ^1 ^j : i1aJI oL-pJ^I L&JJX. J-"aj) 4j % ijftVI 




jjJl <*lLa1I <L>LxJI 4j*nlL I a i j n -s jj a" "t ^^jJI pa J ^ 11 (j-o ^j^j^l tjj^JJ .10-2 J<in II 



j I 1*1 t n] 



4 LmJ hi ^rlajV <<I_ijJaJI ^j^* I * I uaJLJ <Lt\ i aVI <_^2> j_o_=»J I j u& 1 1 Ja_uj_)j . ^fr^^aJI jl m t 

L^jJI . M t ft JI -CONH- <£,jo-% o llj .JjIjjJI <-Ajljj ^ ft utJ Ififlfl jj-Lajj-ol jhA^ iaLujI ^ic 

^-cu>)l 4j4U ^ Sj-ALkJI ^j&j II *UkS Lo^ <*_JI ^1 d I j ^ " a iLjkJi <J ,,,1 mil 



J mlxulll ja^kj Jjl LjjJI (j-^- '-'•>_' ' Uaa lilLa * I i'ijoI I iAn-> ^yj-iiic 

. j-i-VLj l_A . 1 1 4 i'ij nVI ft ~> II ill <Lx^k. j^j l~ '"j" Jjl ^JLjJLa jJI 

4 i'u n lot 11 CjI'mKII Jjl £-J>J ■ ■ U ^ in"o tilLiA oJ^-> i mliaJLj 

2 2 

4 ■_>'>_! oVI o -fc II jjjs al >,j ft V bit (ilLlA {Jl V[ ((Jjj-ijJI CjLjj*C n II 6 j-A _y<> 

^ic LLjI iii cllj cJxi Lfjjj^ 0 t^J-* " <-»j tlili " ojIJI Ijjj <t^>i-VI 

4 >*IJ ft I (jOJA^ ill CjLiLsj lJ -S (jti"i i" .'iVl >f. !([ "if I U"> ml t j t^^j^xl l _j£lj£ 

<4 aJjA-a 4 >'i i nl (j^a jh-l _jj> "}L*_a < lim ^ 1r Sl i II (Jjj's" JjS. 

o a j3j <jh-lUJI ^,1 £.31 jJIj .tilLlA jjJI i_us jj Lajjx. J^Lj LJ < i'>"i*> jjl jjilc jl-i lAli 
< (j-*J " ' * J J^ljJI ^ 1 1 «VI ft *\ II (jif ((j^j^fl ^ in^LlI j t *> I i^jJj 

|Q II JjJ J ''' »J '■' II <Ll& j-ll (jll'l nil in >l ill II 

<(_^3jVI jjJx. j i «-il t » II jjji LMaJI <jLa^». ^ J£.Lujj ^yjJI CjLojjjVI t ji-i'« 1 1 

j^jij OAS 'qJ "-ill -^-"JJ (jJLa-jj ^ i_Aj£JI Ij-A O-jfi dLl (Jc^Sj' 'Oj? '"^Vl 

.^LAc oM^iVin^ John" ^1 «Kashin-Beck dL - 6^1^ <v,!>tL<u 

s 

jj^o-fl «Tj Gj C j A Cili \ i"i j ) K^lJI ^ya (j m't ^jja i_<lt"j LjjJI p^jia. (jifj 

n 1*^1) La_a Ci * n «k_Sjj^» (jJi 6 j t -i> V I aj-A (jl (j^a j "i 8 't jjl ^ » J < U I I 

J ^ « I *l J ^111 J ml m'lll JjJjs-j 1 (| " n j n <COdOnS (ajjalj O * 

j^'i I ft *> ij < La ° a i_ijj^ <J«_ljl uJLLiS (j^J .<( ,i *n n^/t ^j^a J n -> II < \ -y ^-CL-i li i\>J 
( _ f J[ plj ujj-^ ^j-lj I i^*>l "» (_j.ll <LsLua| iLilj A I iA> ft ^> itir >\ >,tJk"> (jJI < -sl -> i 

^1 l j^-oj V code (j-"ljj g j^' o-°^ <4"_il () *>j J ml iu'JI <jl-ij 

V J^xlj i-ij^a. (j-o eJJj-oJI jj-oljJLi jl a^a-lj i_i>a. (J-o LiJj-o j^J 

Jl^l ACG il»j*> cj j^a. Olili ,j-o i^Ll^JI j^l jJI Lol . j !?■<■■ .u VI JJaj 

^ jj i jji ft i < 'lj^- * I * j *_>-^ I !*■ i »i I ■ -~ " ^ JS CATj 1 1 "> i oi 1 1 a ft~s 

a I i" imVLij i . i j I lo a jJk La-o ^1 <a j tjH CjLo^Lcj I > *i t ol I «A ft -» 64=4^ 

J J j-oil JUill (j^Jj ^1 jJI jtljJaJ uiVI ^1) iajjklJ JjOuiJI ^^jtUII J-^ >IL 



.(<JiU-.ll fjjjjuJsl J M.-i't^U JLLsJI <j£Jj jj-tl^JI (j <lil -> " II j SjjljJI 
.triplet code j-* 

I (j iA» ij <(j LiJufcLS < t-i ml JJ (4 j'ij ft VI j n ~> II jAaj <ji J J~>" j j i"io Jj-olj 
j_LC J ^ II I'd > jJLj V OLa-jJaJ .Ij^k. ^ I.Aj <uxl j-S Cj^Lj 4 U ml jj jAVI 

^IjjJI J j£J| I jc j^j Jj| jVI <^iL>L»JI $ jojlJ iiaJI (>oiaJ j < JjfiVI 

<jl ^jjillll (jj^-ll) oljj-o C5^i jJ » II VJ*^' Ij 5 im<" mm jJ 



a in i 



Ij-A ^jjJ&j «i > a >< < j n |"i ^Lual <JLj-Aj .Sj Jj ^ <-J ftl (_yaj ft ~» jj-ojjj jj_olj-ll 

j_A '(j-fj ■ "» » -II J J-=>»l J-JI ( _ s _l_i— oVI (jA n -> II (jl j J I I LLjIj jJLi . J— J— uuj-jJI 

Ij^J ^^LUI jj-oljJI (jl jl IjjL^VI t ^ 4 '>_>« . A") (j£-&J <(j jj" i iM ii i jmI mi l 

Joj-jj <<_Lijj <_a^L*_^ I . J> -I "> " in t Jj£ jJkj (TGA j_A ^ 'i i ftVl (jA ft > II 

TGA jj-»1>ll Jj^f ^jj'yl '"11 I jl-* -j* jj'tjl '"II j-s jjJ L«-p <>"i<jU>j 

:l_4jjx. Jj a ' j (j a /Ij flj" a ! |j|j f ' ^ \ \"\ in 1 inj'i 1 I in II jVt ■> "i ml " Jjjjx 

s * 

.(((jJJjjjJI lift pLja (2>t i— iijJ <^L^_o» 
<5aJI j <5LiVI tj-o r- J.riJL> SJjo-uiaJI i_jjjoJ1 jjj>I jjJI J^i-o '—i u&LlJ aU 

J jSJI (jl^ •QfJjj '"ft H 1 jjl^ jJ Loji j ittJI LAjII-nj m (jl^ j^l LI .A"alj <SLj1 

^Lllll ^ jjj 1^?- <iJi C*il^ Jj^JI JjXj '^J-olj^JI (^^io fJa. ^yl^JI 

d 953 jxlfc (CiSjJI dJj (_j-a .LujJSj (jjj mi I I oljlj I I (jj> jLjjL ^1 Lajlj CjIj^ j ^ijjj 
CjLj-iJjjaJI <Jjj- T - o JI <t >'n flVl (j^s j) ft -t II J^Ltu Ctjl^j <LljJI plj '"j Jjjj II 

(1918 ^It jjJj^JI) Frederick Sanger jAjLui dLj-^-^ u 1 ^ :< ^°^ jf*- 

jJS Jj» liA (jl^J <(1955 jklx. ij^Jil^ ^jjjj) ill'tVI (j-UJJ-J <LiJJjJ Lujjij ^kj) (_£jJI 

V JLiJ 



(1968 -1904) ,_«j-*U EaJ ^ u-«u>JI tj-SLfjj « 1 1 ^ dLi V 

Big ^jht II jU^'iVI 5j>kj jlU <GV j tk'ill 4jl_J j <lLk * George Gamov 

^^^-i J^j Ls^i_£ .j ,^1 'n II J^-aV Sfj^j ^-ij-j'j u^-" J-^t a*- Bang 

&\ /\\ ^ J5l mol l J^j "ULkljl Jj^-J jjt ( jJoxtJ I (j-a ^jl^j 

:JLs j| <jl^V 6 jiij tij^Lc. ^IS"". .^IjjJI JjUI <JLlllo VI <^j-i»JI <2o^' 

J^-i LfrJ (_pJI u^jLaJjJI ^ £jJ*>aJI ijJ^JJI £jLa. ^a-aj"i CjLIjjjjjJI ^1 

ijjjj jjK ^ill acI ^i.11 I p K mi j ■ Ljl a j II 6jj» .i_J jill jjjLk! ^ rhombus 

jjl^ fJjiLa. J's mi tj .^_j^.VI l-i »•*> II ^yd I 'ij^jj 4 m 1 8 '1 In II jj- 0 £ AC Ls 

Jii A ^jjacLBJI cuL£ Ijl <LiV) iaa-lj jl ■ (T...A j!Lo <ulI"Lo acI^S 

4 J *ij nVI (joj n II ^1 1— Sj n l f jj-usj lilJj J-t-J . (T (j^^J (jl ( _ f -i-±j_j 

£ a . 

ciLlj 

* * * ** i 

j-ajJ L-tulj jl LiAfll i_>^lLiVI «Ua jj l*-a la-ij_>j CvjI^ ^^ill Cil >J » « H Jl^-Jul (jl 
<Cij 8.) AS Uac COdon Sj-al_> ^j-tj .tit: (2)! La-illll CuKj <4 < f 1 4 \ ^jixoVI (j^ n t 1 1 

|J <jV <L1a <jkLlll J^J .<JI ^l"i-tj <j1 jilau (jl^ ^111 <Uuii j»JjjJI ^Aj 

■ <K moll 6iA JiJ <ij^l=, Jj^-J ^ Jj V <UI <3 ml II 
j-J_a j^olj ^J-^-S "c?_>^-^ 6j inn 4 I i«->l ~> ^'i H n II v_S^a-aLt j^J-al^J (J^ 

«i cJjJI ^ - a ^j 'j"j_'I<j'- Sax.L5 (j-i^-aj ^overlapping code 

^IjjJI ,>> ^aJJL. AGTCTTG J ,„ I „,-. II '1^-1 -^^-ll jjJI ^ 
Jj_al >Jlj .AGTCTTG j .AGTCTTGj .AGTCTTGj AGTCTTG j AGTCTTG 
i UJI *l *■ Llda> I ~. itij-a 4 U i liai j <l j^k. j . ^" A. JLxi . i*CI j~-"H 

J_ui}Luj J^a II jjl <j^I^1oJI Jj-ol jjJI .-.M< a (jj^J IjKil i*jjJLU 

jjjljj Jj^J (jl Ajjj Lul °*' I iJlj-oJI J u i n ^ lai .Sj* u mi o i'ij n VI (j^j aa II 

(Jj-aX. <t" l^t A J^lj .^j I t'l i n\ \ i A o~> <j-a i-jH"^ j « i ^t JI ^JLj (jjjj^j J-Aj 1 1 



JLLil ^ •-•Ah >*j <(NutraSweet <^ jJl) ^jLu-VI JuLJiJI 

.Jd".-, o ^Lii; 400 = 20 x 20 dllA <l_tuo1 LLu. ojj^il. 

CCGA (Jj-o < J£.l (j-IJ ^l*i~> *t i^l^La Jjj-oI^j (j > >*t i nVI I ■ aa II ^j-o_pJj 

CCGA j pi*i id^ US) (j^W" i^VI a Ao> II CCGA ^ Jj.^ll 
<iJ 256 = 4x4x4x4 Lll JLlA <j£J -6j '».<?. jVI i^e-^' u^"-> H 

CjLijIjj j ■ >^ JJx. Jp-ojj o i V IjJ < ( j_jjVI CjI Jjjj » K^lll ticljis 4 ft ft 

SjjJk^aJI ol L lj" II 6 jut aii «dJj ^_oj -(Lfj-o jxLjjL_LiiVlj) jjIajJI 

* 

JiU'll (1927 Sidney Brenner ju,^ ... ^j^J . ( _ r fli; 

(j-o ■"■ u ■■■I 4j£aaJI 4-i^ljj-aJI j_usl jjJI ^ ) n-> <j1 ^jj jis \A K i ti nit aJ^J j> i nl ^> II 
!jS 6 j!L> jiJ ^.waljllal jl a ■■• a JjJ JJ8j . <ijjjl_ajl d '*' ■ n't II J_uj^Lui Jifl 

V^-P LT* -A3f C) ( -*> a ' <j-* JJJ*" <j5^ (J* J^J fjf-" jjiiAjJI liA 

^1 AGTCTTG >ll ^LU IjJ <lj£-Aj -V'.'^ <_k>j-^ <jliJ ^j^I 
<AGGCTTG >1jjJ t> iJUJI aj-A tilL J «GLi <AGGCTTG 

ciLlj ^ Lo .Ij^jh j .AGGCTTC j AGGCTTGj 

*• * 5 ** * 

^Li. jJAJ J n-»" LjJLc- (j^ ft"" J>J ^yjJI <<j ^ lAt JI ^it j <(^Jjj[_>jJI If. <l I n"-^ o 

.fljjjL I (j I i" cjjL^ «t jJa II L^-jj.'^ j j (jj^jl^'i II 

oU >^ 

(AGTKCTTMG..., J < A II u I r ]^_LJ £,1 q < n ...AGTCTTG... 
cljL^JI ^ jllJj .dLJIjj llljkj ...AG)(TCT)(G..J ,...A)(GTC)(TTG)(... 

JjJ^ J • jj- 0 ^ jLLV <a.l>aJI C.W _>ill ^1 <JloVI <JlalJI iiiLL^JI 



\s& , ( jlxx, ^Lt jUaVl <^.lj^JI olpl_>iJI 6jJk JjU> — ■ ■ ^" .*■>•«. ■ jjjSj ^j] ■_ ta i 

AGT jjjSL, jtAl*. «...(AGT)(CTT)(G... ^ .nil s*l>UI J eA>^ 'J 1 ^' 
Mj TCT j GTC jUa^l LLaJ^-aJ! ^Ljp.l^ill t^j£sj <jj-»J j.ito CTT j 

L>jjx.j .jkji jji oLa^Lc (^jjj ^j-o ^^ijJ M_j fj\ ylju «gV iComma- free 

^ in i tj^j-AjJI (_j-S J i II liA c-LL»I £_o <La_<i_>jJt ii nillj ^jj^I j-«lj_>JI (j^ijJj 

. i i j) I U n II ^j-^j" ° " II J>iJ»JI Lat a3 ( <X. jj in o ojS-> (jl (J^ I j) ' " tj-Q "'<" <jl 

(jisj^sX. ^^Ic ... I I I I II ... iLJjjJI I I I iHUj ■ nj <Jl!LoJI Jj I in ^jit 

«Gl ja_^ ^IjJI <^J ...T)(TTT)(TT... j ...(TTT)(TTT)... £u S^ljj ^ 

JAS (jLLVI <L^lj>jJI C»UljiJI «LK_iLA ...I 1-^*1 Jj t <jjH-.nl! j-aljjJI AAj£ LoLoj 

£^jJI lla ( _ r lfi. In <Al ajj 1961 ^.Ix. ^jii .dJj JjjvI jJ ^jtiAkJI <£i 

Jj><JI d ,_yjJI <3^1 -s II <j •<->~^ II ci^j-^'ill Cuij5j]j <jj-t"ioll J-olllI 
Mershall Nirenberg ^xj^ JL^ijLo ^I^^VI 11a ^ jL^l ■xlj .cxl^I 
S>»lj dJj j-o o-iL£ TTT J LiIj ^illl .Heinrich Matthaei ^L^L> j 

<>o ^jJUJI jliaJI JfjVI jj-oljJI [ ljJ • 7, (jjjVl tjUlill Lfilj <<JjjJLa 

.Lajj-L<a J-i-oljill 

, a .j U. II j . » „ II I j . j 1 ujt_| C^l. t d > I " r ^j^ijLaj Cl »l <L9_l-iJaJI Jjl (j 1 M 1 

^Jl uuu ^Lj (jt (^jj J^yi eyk- COdeS Jj-oIjjJI Is^ujI C'JJ^ 0 1" -tjT^J^-ll 
jj_aljjlj .4_lujLj jJ_oIjJI ^_fl Sf-I^JLlI ^>-laV *> '«nL=>. SLtlj-a (jjJ <<_il 1 WVI 

f^yio t^j-IJ IM^JI (J^SJI Cj\ II l~ III ^yjl I l~» Ijjl ^ (^ill <^ U < H ^'l^ II 

e) ^"^ 1 1 Lf- 1 ! oe- 5 " >^^' cr^ COdonS >ljj O-ui ^jlc ^^La^j ^IaLVI t> 

«GV ^aa. jjU. V ULVI llftj .(11-2 JLiJI) Jii^ (jA*: «Uaii ^^Vl 



(Jj n 'i II ^ (jj.! »* i.ij LijJI j^i : JjIS jj<j iJJj J« i"i ... (j£J jjj j» l<Vi ^jJI <Li jJI Lui jj jil (7) 
.yaiVT Jjjji.ll (j^l j) JjS UUU J iUi lijil jij .U Jj^I jjJL 








Cfl^LJI >I JJ JI l+Jl ^1 t^VI lsr i-JI Jjill .11-2 Jiil 

(jJI^ j-o_M UAC SJ-ol^l (jLi (L-uijJI (j-o frljjjl Stljill Cjj^i Ijl < Jl *i o II J j i in l _ r it .tij^aJI 

Li^VI i_^~JI <dL«3 .(12-2 JiAJI) J^ljjJI jL4 U ^i^aJI J\ Jia-V .(Tyr) (jjjjj^UI 

£-3 jja Jyj JJ^I (j-S J 4 uu ftVI <J^ J ft-* jl (j^l t Jj1 Ja^-V .^JLuaJI jLLVI (_j-fl g jJ>J ft I I fjk ft irTlll 
ACG >»IjjJ) j_i ixu yini .iJUJI <Uj-i. ^ L^aj) in-% <<jJU <a.jOJ ._i'iU«i jj-oljJI j1j 

.(Thr) u^jyjUl ACAj ACT j ACU j 
J J \ in • **">_' ft n i_J-5ljX. L^J (jj^J ^* "'J ^ "il i" II ^-S «(iUai.l)) i. i^'ijj 

yLj IjJ fj^Jj^l ^1 I o j-°>» CCG j CCA j CCC j CCT ^Ls JllL<dl 
a^Ij <_s_>^. _>jlAj uj^f (jj-=«- Lf j-=»-j ->f- fc _>^-VI vjjoJI ^ LLjL 

<ilj-o .,JjLa^> jAaxi ^ ..i-i. a I j^Ui JI,\j" ml j^^J Lo LJLc. 4 1 1 II (jLfi A nfl a 



<i_jjLsJLll alj^ajj jijt'll I (j " - ^ j ° <ajj]oJI j> Tii" <SLtaJj <LLi (j u mil j £-JjVI 

. 1 JjlS (j-o Lj^j La^ 




jL^aJI < U ,,,1 jjj jJI ^5 <J_ o c^Ki I o lj lis ,_ijJ ^1 iUlAil iAxJI Lot 

4-daJ Sl^j JaJj jj /> LjJI jj! ^ 4j ml .uVI <K moll .<jlA.ll JiJj J^^oJI 

LjJI ^ >a. j . L^-k «i l->j-> nil Loj^Lj)"j < ii II liaaj ol-jjjj^ill ( 3jI->*» jl uf^- 

<(_£jjjj| <■! ni » II Loj^Ljjpj iii II Lf J[ ^jjjaJI ^_>U~ mj V .±i J -v J 5-jLiJJ 

Si j II n<" ml i-'^J i±,ij -» ( _ J J[ oLa j)» - a JI JJLj (jiaf i if\'i 



jjhj ^ribonucleic acid (LijJI) csj^l (j^j-ll a A « -» II J^^e Lia 

<Ljll (^1 lj] 4-oLaJI iAljJI ^jjtjjJI <1j-j_)JI u -^j^^ Hi .LaJI jj-o <fjljJ jJ^i 

. 4jJjj jjK jj JX.I JS <la ^JJJ ClU mill _ j £ mi l (j-a j-li Jj-aC- (j-o ' «f?" ^^jJI 
k_S>aJI Jja. LiA (j-o) ( jj-s i VI ^jlla IjjJJJ (JJ^Jj jt^hfJ 

j II (J-iljojI jjj (jjJj-ajj^ijJLj (j j rtj't II Ljj (j£. A iAiI mVI C i ft~t LjjLj . jjjjjJJ 
jt_ualjJI <j_o ^ujJ .(12-2 J'S m II U) Jj-SJ <_s}LLi.l Jj^-J £-o <J 4 » ■ m Jl 

(j^aj 4 'l n II j^aJJjJI (j-o Vjj jj-J-JjJI jO^" mj IjLaJ T J^-o U IjLaJ LoLaj 

<LiLuaVI SjLoJI (jl^ LjjJI JjL> ^^^ILij j ■ J >-> j la La k Lj^jJI JjI < Lxu-UjJI 

Ja.lj-<. (> S JSLlo ^ j (jJc ^ ^Luil I jl ^LLu-l j^VI LJI , ^ji.MH 

I iAjI i «j uQJJ (jl (jfLa-i LjjJI (j! IlA-v M ^ 4jjjJI 6 iljJ ^X.jJI (j<-l» l ji j jij . jjialll 
jj> :Sl >"> II J-ual O^l iA»n (j^> 6j-a>lj 4 I iA« o J-a-J A i ) U^JI j .jijjj^l i_ij i/-i~ 

< iAj JI jl! (<j5I jjJI SjLJI ^IdA-j .A II oLa-i>iVI) ia.La.jJI a^j 

.(cjLujjVI jjaaJLl ijjjj^AJI tut j^jjl SjLJI) 




(jjn/ill <U .J^uiljjJI SicLa .12-2 iti II 

Jj'tj o <C J n y a (jljAAj I n_l"i II <_}£ d- JL " w 'L^?^-l' i fll't-^j .LjjJI e-^j^ 

jjjijj ._>j^.VI »tsj^JI 6-0 ijij-iJI *uJl n ut II 5-jjIjJI jJU: (CH 3 ) 

IjJJ (jl t-i Vi nil (jl La II j_i imjj jjjjjJL JsLii jVI ikii j. j ,,,11 

_ Li^JI j (mRNA) Jj-lujJI _ LjJI Ijj^^Ji j tL^JI ^j-o i>lj "*^J 6^ ^Lj-^ 
cL»j,U »JI JI1_ <LiV J^jJI _ <JaJI ^ ^_h--u .(tRNA) JiLJI 

Jj-lujJI LjjJI ^ «"» loH jV*U «<[JLuijJI iaLLLlVj .Loj^Ljj)") 1 mil ____!! LjjJI Sj^s^aJI 
£_o LjjJJ J-a.lj t~ ' i_y2ijS. J^La. Jj_o dLlj j <LjjJI m "i m i I n l**i n 

template (^^j ^LS) i-iL^a^a^ LjJ. II dJj ^b-s** mL <Li _>JI jl jj » j I jj 

(j-o iaii i=^lj Jaf-a. £-"il)l 4 J I o T (___"> ^W*i ii ij j .J^lujJI _ LjjJI JtLjjV 

j, 

■*•'■ I a -j ' a II jxJ "i ml 4 in t i In t -> II Sjjj i A ILi ,_^u-J (3^-1 

JiLaj L> Lr Lt J i^^'i V elJUj) U > A. II J_$Ja ( _ r Lt <^oli aLaJSVL LeJita ^ , n't II 

jl : ( __ ) iiLujj £^*Lo 1,11 Lu_ji"G ^ , i i'i II 4 il or ^jsuHj . ^(j"*^ * IL> < 2j-^JJ d " ' 1 » "» j-q 

(jJI ^l*i -> lj <4 i*il*i II 5>A£.LS Jjjj^lj J i CjLjjULfiJI jj-a LjjJI jl_j l n_i Ij-l iit'i*i mj 

Llj^Sj *» ,.\ -k lj 6J£.Li Jjl ■< iI-n II LjjJ JjI^ n**i o ^-1 .■■'■**■ .-■V CiLcLdUj ^-J hi jt'i 

j ji 
^ *i i*> gl K-aSU 4 ~> a i el o II CiLa-ijjVI jjl VI H'iI-iI -> <ijjJa_i q i 11*1*1 (jjjJLo (J^al j^)- 0 

Jj_lujJI LjjJI (j^^j i—LijJLj <«i_"ls^jJI» Sj-olj j_j.ll ^ mj II J i<~i i I n.i'if j .6 j-tLi 

iLoLa. <LttjMjj**ij mil ^jJI ^j^lll frLiaJI ^l ujjg jiC jrj^-jj LjijJI liUU (J^jjj 

. < \\ n\ II AjLojijUs <Xjb 

JiAll) jLuo j-oJL <iil j ribosomes ( cjLo j-u> ^jjjJI) ciLojLj jJI tjj^ 

cjI j «i_i I ^ II ^ ? io i"^-^"! n ciljj*s ^) <i£.jl oJI <lLa3jJI cjLj iA*JI 6j-4j . p3— 2 

^-J-^JJ i >-i ji'mi's (j o'STl LijJIj jIj.ljjjjJI (j^ 1 .-.I « a ^. "■ ^<_i£. , Ljl laj 

(__jj.ll Jj_tujJI LjjJL U I Ti r , Sjj^a 4 i a i t-ij a. ( ___a j a "" ^ i_j ■" I Lailo 

4 J -\l 'i II __j-o jiaLa-aJLi < ~« n II Laj^LijI t mil j> II f ____ll <LiXaJI al Jp-LXj 

<la._>JI (__J 4JI "tli^l (5^11 Laj^JJM««ll >a.VI (j_^JI U .4 A L^<I I 



l>±hj <_rl*--l pLIjJLj j__a_u ^jJI c^j^l (j An~> I I ^! <J_jl_JI LijJI 

j> ^aJLLj ^Ul ,tRNA JiLUI LijJI ^J^. J____, <t _I__ ,14-2 J < , i ,ll 

i s - 

Sjjj i^i 4 ■» Uii ^j-Aj .anticodon Sj-alj.ll iLLLa <_____ j_„ JjVI * p ~ _>_t>?. 
,CGU _>l Jl cu!_C l_l <Jli_JI ^ .J^uJI y S>IJI 





6J—-J J ~ 1 La_* I w ~. » I a Li a * ^jjj jSLa Jj^JJjJI in __JL_J .1 3-2 Jii Mill 

Si* * 

cSj u_Jl s__wjJI __J1__ j i » ■ a l__ — i aj__j J_! .,."*>yi <j j *_>jj__ *_u1 ^ in J I 

j__i (>j <a\_-l_ 120 j 2900 ^JI^UI ^ -_j_ jl> jJjj (rRNA) ^^Luj U j ^.-a. 6-° <Ua._^_- 

* * * 

► _;.>?. S J_'« --J1 4J_k.j-!l Jja.jjj .oVL-J' f U>t ft ,__« SjjAo inV j <l il'i^t a Ljjjj_^j (^jjIIIj (j^jjl 

jjji^UiJlj __w.ljj| oljjjjjjJI ft ? S.__.lj ■( A ujjj aocLfi 1540 j-_j <JjJ= j__Ij ^j-iuLxj^ 



j> n", n II J mjjl J^J*^"' ■ _j_ol_)_ll I 'I 5 a (jLi <(j ■*' _a jVI ^ *i i n I o ~» II J j'C'j 

.' '.' ? JJ (I -lajljjJI < 2 jl *~ a J CGU Sj_«ljJI U"< ihj ££_JI GCA 

frjjsJIj .^j-kVL Lal^l " a " jLJJI ^"'t jj_.ii j ualb LaJ_wa I4J jjLuajJVIj 

<_.l4_* x_t ^^li-aVI a A n ->ll attachement site "LlfiJ ja ^liJI 

<Jj <S-(^j_aJI ^j-l jLlJj < ) ) 1 a II jA."5fl *-j-^-JI J .(_£J|jjJI (ji-lnl II 4 I ml 111 

jJi I Ut< >i-k.lj *'J " I JdAU (j ifVllj (jl ,_)_Laj ,_yjJI Cjl-uAJJJ Kj-JI (j-0 J ml Ill* 

-<JL_J1 e_Jo ^-i ,jj jVI 

ja.lf__i.L_ ,Ii lu (jl _J_i .Loj^Lj" i mil J_a.lj li.Im La J l-v"*t (jl ^Vl ^ tli'i m'l 

j^JjVI 5j_aljJI jjji _J__L_ <__uL_i_)JI i__5j_j J j - 1 1 jJI LjjJI (j_) <ju__s jjlc. <i ...I . .j 





I oUl.^JI .{tRNA) JiLDI U jJI .14-2 jiiJI 



a 1 ...I ... ». ,., ^ 1 1 tJ^JI jj^J &^»l _>JI iLLLa Lai -»tfj>-y II f-L»JI JS-iJIj (oL»4>tJI) j^I jiil 
yjlUI j^jJI .6^*-" t*j^Lj Joxij-JI ^i^LlJI ^-l^VI (j^JoJIj Jj-^jJI LjJI ^ _>IjjJ! 

(j^aaJI SjjcL**lxJj .^jjj^Vl J ill tall aju-^ L»j4 jAj^ ^5tl^ [JSLi Vjj ^^.fi Ja_i1 j^il 

£-il jJI p ...j 11 1^' -Ij .is jiiiJI 5-LL> jji <Jlil jjl tvljll ,_jji-iJI J jnlll ^jJLjJI jJI jj 

Jj ,^.1 i~ 11 UJaJi ■ .«.—_. "-ISJ": ^ f " ^ ^I'lirJI ^ l» ill JC Mill (Jt S_>ii u L * J J /CjljjJI ^J*^. 

(ts>»-1 ^l^fj^ <1^*»Ijj ^[) 



? 1 tl ft n ''I I L^jI £-» (LflJa^a (J-SljJI Lj_jJI CjIjj j=w (j-o it ^l!Lo it j a a a i ■ j ^- * j 

JJU Lj ^>=v ^IjLL. dJj 5ljJ>*e .(15-2 J£_£JI) jL^U^J 4lkUJI s>l Jl 

I j_A ■ "* " I ■ . <lL»LljjI £.1 j-o (J J-t . <«i "i La £j_iJLsj G U U _j a j CLtLLa j j 

* 

<<jJIjJ! Sjjsl^Jt ^jJt I ft-jl^-a lift in" jjl <_^a 4_luLujJI (j'C n i IdA <LoJLj_a <*-££j^aJl 

S j-olj iLiLLa jj JjjLi Lij <j^-> u i- fl'n)l OJjJl ,j-S J .AGC tjt (jiaj 

(jl^-a j_j.fi a -..J 4_i i /it ^jJ! Ui II f-^ja. <L«_a }LsL=». <AGC J d a ■! U * 

tj-tj J ■ ' l I I P^J^. Aj n-i -« ft <5jjIjJLi Sj^ljJI 4 I ll < ft Jojjjj . Loj^L>^)J.< mil ^1 j-*-! 

ei ^ 

jjjJLs Jl ^Lu All* A « mil fc^^j 4JL1 _>j j Jitlil Lj_^l ^ ^jjJLflJI 
<<jJLl!1 SJ_aljJI ^^lc I j ">1 ^ a ^ 4 ml -l-j_)JI Uft ml (jjJLs (jx. ^Ij 

Sjj^kJjJI .-.I .jl. >. II _J^j a. jj^e j^yjJjjj-iJI < I 111 1 111 j * '• " I ■ ~ ■ j ■! 1 I a « II jj^** 

f 



(.Uj^iJI ,jic. ^i>*VI itj^a <mRNA ) Jj-^JI - b_>JI <> uPj^' Je^*- 5 .15-2 JiiJI 

.^ujjl Sjjtlkll _>-ir. oL^LljjJI (^a^! Ji-ta Jjiill iiso .(tRNA) Jilill _ Li>ll jys Jxs j 
.GUU >lj>ll 3 „.l „, yit ^Ls 

j ft" in (j-JJJ hi J n-> nj UCG Sj-aljJI <J_iLi-o jj >^ ^ J f J (1 J ^° o^J^ 

^LiS jSJ ij^jj '" Hj (jjJLiJI ^j-?- oLijjjVI j» iAiTi iJJj o»j .AGC 4 , 1 ml . ii. l l ^jl <Oj)^!j 
(jlio ^ji jAl (jfJU *(_jJ>^-j u Sj L I Ijljj j j t o.ll CAA JiLUI lijJI >iJaJj i^jjl^u - (jjJLs lj" nil 

. J^_lujJI - LjjJI bJJ^j t_n"^JI Jjij u i il l ^»ljj ^ I ■ nl L yj^ J <jj->_>LJ1 6J^_1 

<l a" t- VI J 8 ; .^LlJI j a *' II If <LnoJL]| -s I" I *'*•< < jVI ^ " ~> 

J '-all j Ci >Ajfc LaS) d jLoV <JjJ^ (j <■> mi"£U a ^M i^i-v II CjIj_$J «Lai ^Jji 

•(JjVI 

• 

J^a.j ^-£j-J <4 -t i^lj LjjJI <(_»j_» J»-nJ Sj i ^ It 4 I ft ftVI (j^J^J jjl <j^l O * .' '"' 

"JJ."" Idjlf (3^^ £-°J 'U^l iSJ^^ (3^.'*'J LT*^' *< Q() toll CjLiL^-III JJJ^JI 

^ ^ j"*>J V jJLcj ^lj-11 JaLilll ^ JLa=>. <iiiaJI ^ V[ i n CjLLfj 

. 4 >jl a II ■ fc| j" v 'II 

^ . - ni ^ 

jjl i if (_yjJI ^ i lAl^all ^^ojj^JI (juLkuVI ijj U" II 4 )l n» > «t I i o II oJLjjh 'Vjl 



:L5}iy ^jjJUo ^-1 <«"*tVlj ^ inlu.ll LliLox Jjj^j ^ -i5 .JjVI J is^hW l&IVX > 

(jii n l*i" jj-Aj >l t-< ->1 ■_i < s")^3 (jl n j «Lxxj-o^I (_yaj) o -> llj Cil J-tjjj l*\jJJl -> < 
jjJLj ^Mljj .^UjLj^-O «i *t -> in II j J< m 1 1 l _iJ-%"t in" i ^ J*s ■ m t LflJLjJa 

(jx. j-^J^jjj J ^ til -» II £_S jjJI LjL_-wt JjIxj I (j I <^l l-i " in nil 

LjjJI ._ '"^" j ' jl f ILllJt J ' N iii i I nj'if 'QjaLa <JL>jiaJ LjjJI ^ ml i~J 

'<* a ta uaJI j-tc. Sj^l^JL» (JJSLi Lij Jojj_)j jl <L\jJI |^i> Lojic I t-i~> Jj_lu_>JI 

_>jJj L$_il jl <S jjLc. oVLa. < t _ s JjVI \sc Lo <oVLaJI aia j-t-a^i <eLlj j-oj 
«b i uo S ^iL ^ * uu jJI <Jaii JjVI LkAJI .<JS n im-^ II ^ <_>ujJj <jK II 
<Joj i-UsU. a jt--^ ^1 (jV ■■■7 11 J-oL^ ,j-9 ^ijj <somatic mutation 

- « i ^> j j jjiiLiiyi Ja_i. ^1 JLlA jiUaJI LjjJI J^-JJ (jjJ^C-VI J*s m""ij i a /U'. «H 

.^UJI Jo^JI Ji &\ tf „. ? II ^ ^Ul JjliVI dJa l>U. 
germinal jj ^1 i^illiVI S ^IkJI j^l j^ikJI (> ^^lil lia ^ Jli^j 

.mutation 

LijjJa j^-oVI (j-a j '**^ II ell I in t 'j l~ ^ J n f ml *i" II loI^JI £ya 

_)J(j l-i j»-C-_>J < l Jj'5'» o iii I 5^)<**< "in 4 j I or <jLi (jjjjlj (JJ^J tjl I *> n l^j ■ I P i Ul ^> 

^.j-i ^yjl ' ■■■ <Lj| ' ' 'j . Lj_A ( ^jJ^JJ^ N _J-a Ll^ LaJ Vlj <5jjl_jJI a 1~ II ^ J» « » 

«tjl-> (J^J ^jl LjjJJ ,1 On II j^ a JI l-i I I ml (j-aj .J v _5^».jJI (2)-° ^ J -* (^ £< ^) ^ °~ J m 
.1 (j *> J~> it-ill , U \ " (_j.lt (j-ij-ilLlI (jjjjij) U"i n II I (j n i ojj jl () j I (j "i ml I ui 

U I *i « '^-°jJI J (_;^~' ~> t LjjJI (jl I i A il _>a.l i— 1 1 m dll i 

V) ^jJI >>_h J^jkJI Li jl j mo ^ Ulsl _h introns j^LiVI a o 

^XOnS oLij-uj^yl ■■■*> i UjJI ^ < n j o II fl^VI Lot .(^ mij ^ U""< 
cjjI^C <j! uJJpJ (jii iTjLijjIiyl ^jj iiljikJI CU^ lj|j .<JLLi]| jjJ>jlll J^lalla 

u "■-« l j .jjjjj^j J^-i j_j.Lt ^ I -> "' V <Li!il j_»JI SjLoJI liLLj (jV .A » II ^j-Lt 



< * j > U II (jl viLlj < CjLjj jjjl jJt j mi > II LijJ (2j-o lj 11^ I ft uii JjQ lLaJI 

4 IVi'i J_> <<j-o Sjlli V i i <-n Lojjx. j»-oj-ll Ij-A (j-a I A. * II p| \f, I j . ■■ a ". . a K" 

(5 1 < ( jj-aAJI JjJ-a-11 liLlj |> U»< n ^,1 (J - **^ <L° ^ <j\ Vf-^ .JLl^-VI J^£- 

<<iUJI 

I (| int'i ^ijJLJ £jl (jjJ Jj-a <JLl^.VI CiLajJ,».aJI jl im*i*iI (jl ft «ri I ^ IS a II <LSjjJaJI 

jiojAJI IjjJI IjjJj .^jiiaJI j^jjl II l_4Jjja.j (SJ^ U*=» J"^ Q V 

j-A 4 < m a II (2^o tjj-iu 4 I a a *■ (^jJI LjjJI Jj-o %98 'i (jV <lAa. £-=k-Lj (_^jdaJt 
.oLlklj^jJI i<il j-aj-a <j| ^jlxjLi J i ft ft Ua a <G^i %2j <j*-oj 

Jljt" MiVLi .LijJI olj-iJa <j-o <Lcj-ij_o a ->-n jloJLj jjl J j uJ I ,j-o 

j-a^H Lajj^a I (j mflj 

<JJ£.LB r'V 1 ^;" ml JLl4 iiLlj ^ J • >»fo-a J^- gjlill o^J J^aII Oi^; loJj <4jl i<~iVI 
i_S^lj^kl ^j-Lc j j 'tl "1 II Sjj l~i a 1 — jUs j <<L1LlujJI j j » j (2)1 (j ^ flj 

iaL^sVI ol>iis j .(jj^j^l ^ ij-L^VI jA^ II jjfc \" ...nil (j-if-aVI (jAa^JI 

j1 oLiL^sl ^ deletion mutations ^alaJI ol j-U> J addition mutations 

T ^a^l ^ji^ CjU ...(ATG)(GTC)(T... iijjJsJLi ...ATGGTCT... ^ J ( > 
J 6^ ^ ^ li^kilj ...(ATG)(GCT)(... ilL^UL 1^-1^5 Jl ^,1111 

6JJb JX.1 in~i <(_J 4 i -v I ', ^ 8 ' J-J-C p-J in t j I t 1^ ^j-iJj^iJI jii'n 

• Jl^aJJ mil (juLui^VI bjLj jl jL i^-ill Jl^JJI *Lj^J (^-l^ * ^>ikJI 

j\ <-Jji-»JI CjI j 3 U II iAa-JJ .<t-i^jjawa j| <Ljj_ax. CjIj 4 t-i II <jt 0^-°i 

^JiliJI J^.lj jJkTiL .'ri'sTi <JJJ>?. ^j'iJ-> <£.Lui ^_L1jj j <Cjj15 JjJ-oj ipiilill 

' * a 

\~\ ill's (j1 <!_>'<_> ftVI (_)£>J) ft -> II ,j-a JJ (jjj CiLiMj^VI JJX. < U ~>^La 



(_,-!! LlS^IaJ jJ5j .dj*i m n «__flj 1 1 1 j^-o La J 'if. Ls_>lil ^yjJI La *■ oj H 
<Lja j tTill (jiaJ <t il of U"i II (jl Ljj^J (jf^ 'Jj^' J i<~i4ll pLajJt ni l 

J (2>£. oLaj.lr nil £_o [_>«*a jl 1 Ti CjLo j . U n I I (j^ ^^ill Ij-A ''II n" <UL». J^». V 

oVM-cJI ■ ftl ^1 CjLlLL-JI (jjf. ^8 ,A't 4j%>?J <^L^JI <jf ^ -t^ 111 

■ ° - ■ l()U.j. A . 1 8 u~tj (2. — 1 J*S mi ILi (Jj-a-tJI f-jjiJI^ Ljjj_iu £t->j1 jj i_i m*t > 
<5j l-ii in II ia.jLa. 4 _»*>_>.' J-olj-C j_i"t"> j I i<~ijl Cilj i V\ II (^sj^a-J J-Sj .jj-j-aj 

£-0 JjJlS ■■■'^ J i m*sVI J"^*?" (J'""* 1 "i^l (^jic icjio CjLuJLj 

^Ija** ml tlj^a. (j-t> «L»-Sjj ^jJI (j-aJ-!l J-A lj-4j ^^^JLnol (^Jj-i^JI 

. JjJjJI _>a«JI (_L%.I ^j-a Jfl -^j ^< mi l J 



^1 LjjJI _^x£ LjjJI ,j-o CiLajJa n jl JjLjj_uj JJjLj ^j^j-aJI tj I n II £-oj 

(_g^>5§ < II ^ujjjiJLs .CjUI *i*Tt uiVI (j^-stj dllA <*j! ^Lvi J"u*."}L> L\j| VI .^jjj^jJI 
Ljj ^c5->?- ^ uua in t la^aJI aj-^.j Ljj f-(^j-=>- ^^ic- ig j'^j rGtrovirus 

.Jl <_JjJI <Lo, ^- mm .LliJI £jj> 

j^*JI <Loj^l!Lo ^jJI (jjjjjj^JI ^jjfcj <(HIV) iti Jl ^jX.1 *i nil J^jjlJI Ly^xj^ 

u^>*^J jLj^JI j»^.Ujj :<5_>ip '(j^VI) >-j m'<ir.1 l ^LUI 

Lf l£. 1983 ^.Lc Jji «i5 ^jj^l I1a .l(p^ iK« o^-<u V ^joaJ ^ II 
< ( _ > ujjLi ^ jjZ-^\-> „i j » n j^-a Luc Montagnier 4jj*»l" <JjJ jj 

Sw'mll oLV^I ^jlLa j nil I ^jjiadl . lj ■» n \\ jj-o Robert GallO jJLc. O^JJJ 

U n jj .jZ ,nj ui'ilji (jLuiJ Lj jjiJl^ <j-oL>. Jay Levy ^^iJ ^L^j ^ j^VI 
fjll LXk (> ^ j <T-Lyinphocytes <jjL\II iilolll LMlJL ^jj^ 

A j in'si I I 4 -> nil *i II o in i I i ^ i -> "< n Lojjjjl J <U ^^oLaJI Li^JI Lj-lJI MiLj ifrLiAjjJI 

ij-s LiaJI (-(sj-^ Jj-^- (j-Ji u^fj^-" a'j-* J- 1 ^.' .reverse transcriptase 
LiJI 

LijU U II ^jjj-o Ljj 4 -v ni'i dlLLA i i«-» i <Jji.j_aJI 6jJa die *i i«-i II Jj ■ II 

Jj^^l Lj_>JI (Jfi^J ^ ?i_i i^i nil <LLaJ| Ljj ^ LjjJI ljj& J^-jj • Lf _^jjjiJI 



^ jP^ < JjJjlj .<Llai II ^-1 ■■-"*■! <_JI -I Jaj mL Lij-ll dl j <J-o La^lkjl j^-u jjj 4 II 
(jjj^jJ iaj^UI ujLjjJJ^-JI i<-il ^^-lujjjaII Jj-uu^I Li^JI I j Lau j^lll ilil aila'tll 

Jj-a ^-C^jjJLi J^jliaJI I Jjj jij . ^ i sili-llj i_jJJI) <Li_hjj^j_sJI .-.lot II ^j-a Jj j^s 

.^5ljJ| Lap-I .tif. <Lj_a iti'i j I II jljLaJI (^-o frj^ ^Jx. *LaJj* hi o <<t j I II 

6J-A (J inl t iii~ 

* ^ ,* . , . , ''j 

(jl I iAijI '°""*_'J -C?^-^ J-xJ cLtLSkJk ^1 4>La_j <jj .Ail II <LcLLo £y> JJij (_gjJI 

Lj-lj t-a-J <CjL>LL_>-iuJI (j-* <£. ft <X-J ft ft I i.il inn J-aLc j-A Q () < I I jj-i-S-ll 

. j iti Jl i_)j it~\" ^^jJI cAjLUj-uJI 

^l^il < ? vr< j^i restriction enzyme aj.i^-JI jl ^LUijVI ^^j! U 

(j-S <jj_ij j ■ K jjjl JX.Ij) a II Jj-o t j-> «_ft j in') i_S_)JLJ 4 n >j <j»_jjlj-^JI (J-o 4 8 I" ~» ft 

6 j^j 1 iii'i* ^yjJI mil u^-°dJ •^Sj-aJI Ij-A LoJI £-l»3 J 1*^1 

La! .ligases ol jli-JLJI u n c$>=J cjLqj^I ik^l^, L*-a 1=j^i j iSj^kJI 

-* •» 

j n'l" i±i j -> I a j , ^ „ II <j_LaJI ^ LiaJI Jj-C 4 I {* ... <i 5 jj t u.Ti"i ( _ r jJI LiaJI 

c»Lli>^ ^ j <plasmids olaj-O^LJI J » m"> ^ j {vectors JJS1 ^ ,„~ j 

tl^a.1 J n iTij (^yjJI JJSIjjJI CjIj-ij^. ^ ft iujj .Ljjj^jJI 5 Jj^a-j-aJI 4jjjljJI LiaJI 

Sjjjx. U jSljjJI 6dA a ,Vr» .recombinant DNA ^ ^ ALJI LiaJI <l^_Lo Lia 

^j-o ■ j -1*1 5 o d 7 "' '' " J d ' I ■ J ~V^ SjLaJI dLJjj < n-\ i«~i fl <LjjJI /j-o <GjA-o <L*_kU 

5 Tin II < \k .v.". ft II S j Jl J ^ i7.j J -DNA clone LiaJI ...i 

<a II « a II Lo^ -j! <5jj| j^J| A mjjjj 1L (jjJj^iijVI ^Lu[ 6i^j l_a^ ol^jlJI 

4 il d .j ..X. II ^ a lja>a o a ^ Q " ijua — II 

iJj^JI ^^-i 5 j i"il i o II <jLjjJaJI J A uulj LiaJI j^j -> *> I ijla^ jJi^ (JjJs lilLL* j 
(jj^aJI ^^lt " <fil jj SaLo ^ La ; u ^aJI microinjection ^j^-JI 

< ft() ft <jlij| ^ jjj .jjjjia olj 4jLa.La.j S^jI <U . mIjj <UilxoJI <UiaJI Jj, W II 

ijf _^s>5j ix. o KI" ft ft (_j-Lc JiVI ^^Ix jH) l ^lKl">«« (jit >4_LJI 

LAjI o^of j -I (jj^ I (j 7> ftjj i Aft II <jJiJI SljJ ^Jl (jLfijL 4j j)j-> nil CiLioai II JLkjV 

LjjLjJa ^-uLi SailjJ) pi ij -s 1 1 ^-1 ft mil j a Ax. II fLiiic. ^Luix ola^.L olij-% II ^>a 



L}U_I (_^^*is electroporation ^1 ,„ n \i ^L^^^JI ujj£-1I ^ U !<__L_ <jjLi^ 

^ - - » _ . 

LI h m <bioballistics ^jj-JI clliiiJI j^Jo ^1 * >?-JI ,M\<qj 

*■ * « 

Ijjb ^j-j^ j _Sj .4— J— J 1 J— Jj (j-ll <L_I i a'* °" j_> <_j|jj SjL_l Sjji i<-i 4_jjjl_a 

• a» ■■•II; SJjLaJI L*j|j IjjJ ^jl _5 j> .^-s II lj_ ^,1 _*j <_iljj_l 

J i n"i" LjjJI » J flJ (£,>— .1 <( ftj o 4 —LlA <jL\JI (J^Ual ^ CjjJ^JLj 

jl <DNA profile LuJI _.U-_I j-o >ul^: J< i> j m ^Ul ^1 i -s II j^tUill 
oLluaj o-il-^j .DNA fingerprinting Udl < * ^ _jj ~> <iij JJSl 5 jLj-sl-j 

C_v j_3l _S ^L^j^U <Jji=JI _.Ljl!l l() ^1 J-LiVI j ,4_j__JI £j|__VI 

J^juj ^ v. i~< .-I j U j-Aj <Henry Faulds jjJji isj^-* ^ 1880 ^U. 

■ a J ■ dLlj J-»— — i * > a "' ■ ul jkj Q ' *J ' a ^ 4 ' ' "* *■! a I ■ ■ <^9__C_&Ja ^_fi 

JJt-i . i ' II ' * ... <Laj^a. jj_a ''I a II j ^iS-Ji 6 J ' ' " " U a ' ^ a "' ^ J ' 

-4 . * ... - - 

<lLk ^jjl 4 ■» il « - — »T (_^o jjj <^a nill j^JI c-ij » "i II 4 1 1 of diijjl <4j_uj 

Alec 

(jj'j .>-.Lk ii ^jl-o ^l ^?.La-j J -j" "■ mjV ^A-oLa. ^ 1 984 ^U. Jeffries 
«Lo_t*ajJI <LijliJlj ;LjJI ( 3-o j« -^ll <LxJL jjjLLo j - ^ jVI :<Lilil]| ajjk ^ 

^^yjLlcJI ._iU.ll ^-i l_a. <l^_o LijJI oU iol jj> dj_ j <uiuiaJ| 

, * * i $ fi 

£y>j II J^— >. ^— La I i r- 'o — ^^—Jlj <<jj ! j__JI _il— — IjjJIj <S ^Vl jl__ _ Ij 

J <_„\-s" mi Jl £ jj n n .11 oLLuaJI I (1 I U ' 9 <<_i__LJI 4__j 

. 4_=k.J^oj <LtjLLaJ <J«-ij_u Ajjd_ ^jjj La_S j . 4 ft—— a i— 9j_>Jo 

Jr.1 ii II j<~ » n <(1944 ^Lc. jj_lj_JI) Kary Mullis ^^Jj-o _:jLS ^.j 
S ^_jj| d__ _! <Polymerose chain reaction (PCR) j\ j^-q^J >^JJ J _J ,„•; a II 
jLui. ^—i j n i II >j-_> t _ s Sjl j in II— > <_4jj s-L— i ! 1983 jkLc <UL (j-Lc oj— — >. 
jjl .Jjjj SjjLa_j jj— — I t3->-k —I J ft aj jj- 0 — — L_ Lj_j| _j V tLpjj a— Jl— 



i -xj tl-il (j-fl 4 i ii 4 *i JjVi J <jS ftemplate lJL^j-^ a «\ ,^~ 

^1 jill (> jilj jlxol ^1 ^JhVI ^I'.^j dLJj ^ *> i ^ j .in vitro J r^VI 
jUo ;>> Sja^ai ^4 ^jJloJIj , primers ((jjjjL) 
" j i i-i 'i i " ^ LjjJI 1 1~ ' a J 1 1 V ji . I j-Gj i Kj-j (j-ij itif j) -\ 'i jj-a i ill" LjjJI 

jjl i r~i"l IVLi J) if j mi ft I I q n ml l>i-*J 'Jj) La-ftJI J^J-> '^->j-°-^ (j ' a uiL (LjjJI 

^ Ic j j » "i -v iti n II ol ' ,j j^. _ LjjJI t-» ' a (j-a 4 i ml *t n II pI jj^^Li 

(_^jJI E-^gj a II j a U *. <■ 1 iji^< ' °j . ^ ~ " _ 1 ^ i U i *j ~ j <«Lja,A_» I fl "I ft n " n 
jlj t a 1 1^a-jJI (J's ft > (_£dJI in ft II ^yJI <Lul!> Sjlj-aJI icwjj J-SjJ 'I J- 1 ^' iiMtl 

Jj I » "' ■ .i-.il n-ij-aJI ^ If, a.1 " o l-i I ~> J ft 'i t J <<_JL»_Li 4" 4 i k j f-ljl (j_a 

'Lo_jjj^- Jjji ^j^l-^" ... ■ <jLfl 'jfl ■ -^11 jjti I <jJL*JI SjIjj^JI ia-jJ J a-k"u Jjl jVjjjVI 

jjj" m,~ .SjUJI ^-ijIJlJI ^ a tij»i ^1 thermus aquaticus <IuUI <Ijj^JI 

^1 (j^^i >a_i I jl j£i j I jlj-o 6 jjjJl jLxj j . Jplij <jlji ilaLUI S jjjJI 

* a II ^ 1 i V 1 LjjJI -Uj^ii ^j-a ^ mJ II (j- 1 ^^- 0 CjIj mf jJ^_» (juk^ t ^ tjl 

^jla. Liiftll <iklaj| ^1 <^ JLJ Ij^J .(16—2 itill^ (j^ifc j iti n II ^"i ft ualj 

.jj^aja-ai! I * j I ■ a a J j La j 1 ^j'Ca i LijJI jj-o ^ajj^ i • ij wo 4 nf, Cul^ ^jJj 

polymorphism Jt< (j-o Lpl j j~- ,■ LjJI ,^-.1 jj^aJj <\W\ juii^jj 

(J-i,.i in ^j-Ltj .jljj^l <t n ([ o jjjj-S-i j t ft" LjjJI oLa-ij^ <l '»"»! 'J •> 

<VajAA (^-o ill ji= jJ_iji^Luj ^ If Lu (j<-il II LijJI CiLiJ^lil j»-oj (_gj)" ~>J « JIjjJI 
jjJuLaJI JOaJI ^ If j£ j'- ■ ■ I * .i_LuaLaJI a>l mfl'tVI pLajI O-a^ljJ AS CjjI^ ^j^jjj 

JJi_a .variable number of tandem repeats (VNTR) ilijl jJLlI cl JI 
cw*£Lh J l^ 1 - CGATCGATCGATCGAT... 4'l„,l,„ll aj ji-,ftll jljiiVI 

jJI <lsjljlll d\ jj^"> ft II oAjSi Lajj jl'Ai n jljil Lij jjj 1^ mjj iikidl 

Viz * - 

djia jji. ^ j 4" n II jl JjiJI (_yij->j '■(j^i u ^ T - ^ L^jLs <oLij_>jjyi <iLlo 

(jjw>» H SjjLsJI d I" (Jj-o <oLi j ui£VI ^ J '^-^ " ^jjJI Ciljj.il" II Li^LL <l_4 Jjja. jj 
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I 

.(jLuoJI Ji^ul (jJ^) u^j^' SjkiJI . . a a j "i ...nil LjjJJ jrjjj- 6 jJ ^ ^1 j\ «1 (jLuiJI 

.1 ft fl 'tft ^.Ij J£-i tjlcj m i ni l J&jjjjj *<Lulj (jL^jJj-aJI ^l Ui-fc I I ^_6jjj . ^1 ni l Uj -» J£ ^ ^-flLfcO 
n i 'i jj j fc- tjVI 'J^- 8 J iaa L&£ t li i II *Laljj-a «* a pi *i 1 1 <jVI oL&jJ^jVI 



«, . -i. . X~\ jlj .o.l j .11 J ...I ..." »ll J^LijJI «l .*.»" I*. /. ...I Lli| jjVI (_j*=>_>iiiJ 

jjo .1^ jIa^j AGCT <JlZLJI ^ ^Iaj ySa. jJlaiJL <Alul Jlo ^LtaijiVI 
<L$_j j^h'j Ladle GAATTC _j Joljj^j (^ill <EcoRI jl <*(jjaJ\ u^ij dLLj 

4 1 1"> A. ft i— jj iii ft II LjJ-ll ^ *i n ^ Ui ij <<Uail]| fcjjfc ..\'lf. I() jkj (^-o j 



l_l~> I 



\+L*J<* (jl 1 0 \< n j jjLuaJI iiJUl ^flliJI j,Vj .electrophresis ^L,^! 
<^MfJI ^j-i <jJI ./»<" nil dUoLujVI ^ 5-jLt SjjjSJI i_aj .iJI ^ _>j£t <Jjo uu 



4jijl_)lll Cil Jj's" ft II C-fl-lkJ Ljj j ,^"t U-LCJ lail^-iiJI Lftj JJLJJ .(17—2 J< mil) 

.JjiU <j ml .ill iLna J^i IjJ <<jl*JI ^ 




* d * 4 ij ■* * ^j^l -t £u\ i<LcLjj_aJI ^ j i ii o (j^> d'i'ir j ( <j i LiJ CjI n .17-2 J S i n I I 

^''^ II ijjl jjfc 1 4_ij_i-aJI (jl £^i^J IjjJI CjI 9 Leal j j mi"i 

<(2)j > irt'll ft II (2)-° Jj 1 "'*^ ^ If- (j A >8 (Sjj)t-<<vll Lfrjljlw" ml jl <«LSjjJoJI 6J-fJ 

<<Lijj-aJI Ljli-LuLjt i a i ti^ j <L_uj jj bj i i->l j,i (_yJI i_fijjijJI 'ijjj y^ I I ^<_£j-j j 

jiJ S jLtlj <S j-^.1 j Sj» mi j^j-o (j^aj i^-> I II (_jAjlBJI j <<jjjU" II oLS^LsiJI j 

c^WI 

_ <L»j-j a II ol^Jj-aJI j>-lc ^JjlLII jjA » i I (jL^ iXS j .ilLlj (jiXfc j»-fjLcjl ^-fcj 

• ^ft"t? nil (jic j m i L ft jjjIj _ Jn~» II £J-o ojp. J (jJJ m'l il l i < "i jjjIsjS 

CjljH"ift ft-% JJOaJi jjjj-iixJI JjjJLlI La.j^Jo £_jjt_JLoJI JJ^I J^a»1 Jjl^ 

"* <£jJsJLj <«Lo^ oil »CgJ '".'II ((jj? "II) f J II CjIaajjjlK^jJI 



.<U-o_aVI Jf-LS L^La J^»^ <<— * L>±l^-* ^ J "> *'.' 

j (j^LaJI " -j"' La <nj~i ml (j-l^ La Lo^jj L»-a J-aJj Cxjfi 1 "' 

.SLaJI (_^J-a L$J lal a"~kVlj DVD ^^-aij CT^ jia-aJI ^j-A Jjna in"j 

^ j" La 11 ^a-a J-a-i j l£ *" 11 ^j^Ja ^jx. LAjjAAj n i 4 t\ (} ft II 4-al (j[ 

(j1 U-iA^jlil Ijjj .'I .~ ^ ijjjjjjKjj SacLs cjljLia 3 *L*J> dLi^J -cgj '".'^ 

j\ -ua?> 4, tVCa JjLxj dLajj-y-^. (jLfi <i_4jja. (jj-LLo _a^aj (j-l^- i£J)~ ~* -' *— >^^' I j-A 

it $ 

t)k*± l_>-4La r I i * ■< pJLfc til iniii j/W" dU j^j'i-l . i U * 3000 <jlji L^LljI 

^a_Ll .J_aX. iLui 34000 JjU-j La tfl <<cL^ oljLLa Gili ^ jrllaJLui 

J n»"i (j1 i'Ii If (<->j-s mil j Li a II i2L*_»JI dUj JjJ jj^ijJI (jji JAC. ^-4 <jj[ JJ tgu La 

<4 Litj II SjjaJj Sj£.Li JjJLAJ LjjJI J nil hi" i_u_)J ia^-e 3400 J-^- *' t £\J-J 
a 

(jiaJIj .^^u^VI (ji ^.U <- t -Li...j j».jjl i^L^u ^j-^ J-Jjl (jJ-a ^-lt 

(jl a 1 <^1!l« CjI__>^ j nif .CjIj-o llLI fif J_>^J (jl 1*1 1 Ifc ml 1 1 i*i It A -> i«-i £^a 

j_j.fi j inf <£.j>jjjj CjI ,ljl"i"i n H ljJJjJ ^'h i I J-Aj .11"" a Lfijlj til j < ■> 'i 

jljx. u ,U a .JjlaJL jii'i jJ5 dJj ^1 4 a xll (^-Lc. ^in ij La <j£J 

"iljjJJ (_jJjVI ^i i rX*i II La_4i j <~j1j^jJ1 ^klc i" 8 il m II {J '"' VJJ** * H (j^J ^aJ&a_H 

m oJI ^.^'i i -v II ^j^iii-a (jl^ (LijJJ dLj^ _ ^j^uJalj £j j i JjiA <j j».L5 ^aJI 
(j-fl Jj -s „> 1 1 ml j a U-4 JLa_«Jlj .<aiLJI j <jjJjVI Lf lc oLtljaJL iULa. 

tf 

JiLiJL^VI "_l5^ lt 1 ^ 'U^ 1 ^ 

4^a.j-» <Cij^ _>J (j-J-ll t^j > J a I I t_Jj_>^a. J j i ^i l a" i 
lift (jV <4j i^i^ mi J-*LLa Lf it n"»-t II <jJLj ^ j i " i II |» j i ' a II (jx. C»l_a jJjLa-> 

Craig ^>iis J^-»^ '(jt_i (^^jj i nl \ n ^* J-eL^ ■ > ■ >t " > ^-*j-> £jl^ 

j».Lc jjJ^aJI) John Sulston tjj^ ... J (j>a.j (1946 a.Lc jjJ > aJ1) Venter 



djjlj Frank Collins d^l ji Jlo ob Jiii J <jjj .(1942 

^ LuL^VI c-jjL: ^ <jl^I j cAJiaJ ^Ij-UI 6^_i xSJ .Eric Lander jiiV 

-» ' 

«b mi^jjl i i_j^JI Ci ' "■*> LaS LaLaj ol jl JjJ! j lULa */l Cj i ■ ■■*■ <C>I J*' ui ^ lq ■ J^LLj 

*" ^ * . . 

. Jjl_LuaJI jSjlj j>J ^aJj ^La. jLajVI j^Jjj Jt-i'i ui I'lVCl 4<j-ujj^jJI 

* * 
Sjj^jjJI Jtl^aill ijLixdt 1977 ^Ic. J J _) ^ ^\ In" mlj LjjJI jjaj <(jjjj_>j 

^ ^LJI <^^JI (j-Lt ftjlj^l aij .5375 Uj^j fX174 ,j-j_>-*-a-ll ^ 

. (^ m n II I * j j U i ' Sjj <x£ ■-■!<>* p^Jjji.^ <J mo < n i.J j jjjLVI i_fi_^aJI Jfi-tj 
^ mi CjIJjj JjK jlll j oLoj^SU <_$jL2cVI £J>aJI ^y-S J^-jt jli <dJjj f-ljall j 
^joJ jvj Labile j JjhXa ■•■^yi (j^ySj a Jjjj i K^J j^Ljj ^f .Jij Jaj jj K ^i (j- 0 o 
Jajjjl <G£. jcJIjj m l T i l l i_ifljJ J J~* ni l JaJjaJ^^jlll liA 
_>^SU j :r -<V> (>aja-.nll J^jJ^JI ^Ij^". ,.,L pI>>VI j*^ cllJj JJU 

f-^y^. ^glc <iJla^o IsUj Ji'if, ^jljjjl'tj (jjlij-s II {jij . c-LiJVI (j-a <j5ji».VI G^ljJI 
g_ij-<JI ■_•-«■ m l » t *' r J , a 1*4. » J^laJ Lij t^^a. 4 il nr C^aJljl -lis <i it i«~ij-ajl 

ol^>JI c j-iXil VLlu» cll;>=JI Cy ^ ■"'"II ^jU.,.11 <5^kJI ^ 

jjl i_S jjJLaJI j .4_mj mil <J_iVI ^Li (jit n Uiu 0_>^-t J ' JjJoJI isJli^Jl 

jxlj-a J ^ a . <jjLa^jjVI i ii^l i n II J I J "' CjVI jj-S jX, i ~ in) (5JJI j-IJ -k "i II 
A ' Sj-aJI jO ^ ' 1^1 ' ' jj ■ I II a j C-l i A") I a '*"* a a I" ~ - ^jI^JLj ^ ixU Cil a mlj 

. LjJ -t j ijK n > (j-a J •'j-? 1 J 'J ^ VI (jij-^l-^ ^ >— Sj^-Hj ' _)-a^VI (^jJ-U^J 

. iujjjill <jLj^>iaJ J ml m"JI 

jjLa ^LjjI Jajk ^ If al_Li a|j^.y| I jjt j ■ j laj jJh (_yjljJI mj'ijJI (jj^ajl 
.till jJ pl"j "ij'ij jjllij^ dLLAj .S.is».I^JI <£.LlJI Jfiljill *_flVl JjJjaJi 



i<^>\li\ Lot .llill iij>«-o -Ul^ <k-J^j 4.1 uii .,..11 (ji JajJI ^ ^jVI JaU 
(j-oj <£_L=LflJI ^ya J-i-J^ J AC ^Jl LjjJI ^ < t— > t"i > ^ < " «( 1 1 J ') > II iii-l^Jo " ^ ,0.1.10 j 

4^1111 ^Sj^kJI ,_g J \-t' II (j «<JJ •gj'J '""H U_tU II liA J ml mi" JjAaJj jU 

S Lj-Aj .Sjji »<-JI 

j nl'i <jxjjj«JI <a. j ^ lr,j . £_i^_2*JlJI Sjlcl <t_ilnr L^j-a IjjJ <LijLaJ| _jj jj t r&W 

<l lUf j <jijiJI iljjL <j£J Jx3 (j 'l « II J ml in" II iLj^ 

>Uj aj>— i ,2001 ci I U 

J-aJLj jl >5VI Lf ic <Li_aj 1 00 <->l>5 Jjljj LjjJI < J 'i I JjJjaJj Lf -Lc <"i in hi n 
jASj Vj Ij^. <j a JaC j mi t II jxjj^aJI <i>»-o gjlljj .<LjIjjJI jijc <5^Lkjlj JdLa 
j^^iaJI ^_ ua ijj-oj . <Liic. VL>J jl ^ j iSi i II <j"'7> H Sdoio Cul£ c-lj-tu <<jjijj 

< JiVI .<£MLJ, (jJ-UAll pLuijI ^ SjAiJI <i ^JJ ^Ls ,4\,htll 

pLAiJI ^yJI L^iuj^j v_S (jlJI 4jjLAUI <J^>aJI ( _ r k !*">< <«i J 3^ fJ^' lV'^«J 

jjliSi jjLuijyi SjUV S^jIx. 4_^aji dlla ^-Lu jii <j_n ill ^^.jUJI 

<ijJt-o ((j^ijVI -^j*^ (_j-Lc. I * '■ < ~ ~ ■ Jl^a.VI ^ »j . <Li_ll_aJI *l U." II ^ ■ - ^ 

(jj> ^jjj <4ilj o tla> l m ' " J oK~>l n o ^j-fl IjJLal jxOCj (j-Jj-iJI «LLua 



3 Juaill 



.SiLbJI 




4?^ fUj 



<<j j M II I *i iAjI (J_o Jj*i j jI ^jJI (jAjljJI ^^jj^JI fill nn II * 
N * «J (jl <(jVI 6 j m i ■ j Uj> nil Ijji «j->" ^jJI ^jj^=JI lal m 'ill Vj 

^(j-iiJI lift j-ft Lo <(^J ..jii n itiJI SjjIjJI «LiLLJI <^o inflllX ,Jjj dJj 

fJL*-ll LftljJ Lsljjj it. ^1 jij J^o 4 n K II 6 JJh ji ^iBLk ^ n ,,n ^jjjJI 

<?U^ P( _^iJI 11a ^a U ^ JiJjj ^jui 

SjjIj ^ JjLJj <j! jlfi iilkJI ^ ^fi-o <lill j^jLJL <pI jl m.ll djjt ail 

jkLc. P. Sidney o '- ■■■ lj i j^-uJI jkLS jli <Ij£aj -Jf^= o5 c-LJaJI jj cIa! 
..jj^j <The Defence of Poesie j» .t.ll ^ ^LaJI <U jUlio ^ * 1 581 

jjjj .,_ul^JI ((jja^LijJI lojn ujj Lc& Energie) «LiLk <lJL*i» ^l aLOjVI 

.(3^^ Cl2j ^j-S <GJjJb ( _ f jJI «L\3ajjJI j inl iiaj Jya VaJ <j t ya'ill 5 jl 6aLL ^j-i 

lo uiij ">ilj «<5liJI <G>lo jj aI n-^ II c^jjt 'II* LiI5 j .in work «Jj>jJI 



* S * o * ** 

IjJJ^v Ljjj^. Ij£ j-o oi-a.il 1 j 'i< I '<JJjl CjI jJiLLj VU_a ialiJI cJjLo 

_ (1829-1773) T. Young <j«L»j3 Jj Uiir. .1807 ^Jl - tt « 

^Jx. niVL _ j j ^ ^ deciphering 5 j 4 ft Jj*. ^ J-a>.V c*i j 

1U irtn JLojLLujI ^'s ft ft II Jjl .Ill's La J 1 C j» 1 1 .11 <UI ft ■»" ihV \ ]n i<-» o II 

itstkl! (juOaJI JjlUjJI ^(j i ( _ J L Lajj JjK'm.j .^W^ui <Gc j1*j ^dil JJaJI 

.LJkiaJ aI^aVI <jJjj 

# 

^JUJI ilaalj ^UU" <1^aVI <-iLt tjj'/n m< i Lulc i<iLLJI j »j;l-> ^ j il 

^-S jj mi-^VI 5^jjaJ Sjjua- a JI Cil, ft iUL ^ 'm.j LxAtiaJ .<xS (^_>^J ^^-Ul CjI jI nn jlj 
Ci ft "i pI .A 8 II 4-$j -> II <_8 ,jl .SjljjaJI O-aaJq^ (j-Ljl-j jAVIj fcLiAiJI 

Sjl^JI <juJqJ J-oKJI ^ ill jjjj . £_iLJI (j_>UI <jU>j Jjiaj j». 

Jj I -s ) VI jLa^VI Ijjk J ftVCj J j .<1a j. o icwjjj !^Lj_j!=> j j'i Jj^-a. Jij 

cLalaJI ^la. (Sjlj^Jlj <£j^JI ji^J jij jjl Loj . j mf ^ ml" II (jjill i k iojj ft 

.CiS^I dJj ^ <M»ii Ijc ^-jl I jUa ^jt jl ipLjiVI <JUjJo ^-4 

Ij^jjtj ij>. 1 m i -^ Vl i^j^a. ^jJI <>S1j S^jLj (jjj (j^J ^Ljj^l JjJaj JJj 

^JLaa. j (^-oljj £jlL> olj Ujj ^a. ^ji ojl^ jl :4j>uu ^ill JI^L ^JUJI 

JJ^ c) (.fj 322-384) jjMjU.jk-.jl 

_i-^ > ^(j mil (jl ^1 (J-lojIj .< alai 6 jja-jJI <ajl jjl oLoljJI J » a 1 IjjUa ji o in 

<a-^a Cim JjJLfl .LJU. oliJ Lo^j .P^LaJI ^ <Cj mj i^jaJI i_flijjj Jjl 



o^i- .jjj^L ^LkijJI ,^11^1 Jl (1803-1801) <j VV Ul ii-uJiiJI ^ lili-l ul£ ^ (0 
A course of lectures on natural :Ol ^ v LiS 1807 ^.Lc ^ UliJ! ^pJI ol j .^U o 

.philosophy and the mechanical arts 



jLLojVI dlj <JjVI col^ .Lo jLLJI aL>VI ^,4 £_sjj Vj <pI>$JI <-ojLLo 
^Jl ia.U^ c^Ls: ^l^AJI 6V <l^ilj <^JI ^^-3 

iJlLUI ^ :<£ j^. <JLa. ^ La^aJi ^^lll m!-^ II oLjjJI f-Uj^ jLfa.1 
^jljjIiJl (jj£_>l>«J' Jojjj ^jt (c jj^i'JI I j-A jjV <^a.l i_i^LuL jj^ijJI jjjjiJI 

ji j I (j "I ^ ja. «i ^ , -Xl j Jj-ij <^jl hi n ^JjlJ <j-£\ Cj\ i IK imL> a i «■*>*» S jjI U"i a II 

<aL»VI ^1 a j nil! ajjll IjiLa. pl jfJI CjNjJ <£-LaJJI JixJI jj (jk-tuj j 

4-Sj_^>— ij <iiilj_a.VI Cil 1 J 1 11 o 1 J) J 1 " "1 <l "- i j l < j ti in j\ (jg>i-i Ci M *\ 

V Ul i±i->;ll 4 ■*■ AJl> j <LLa3 <J <La da. ^1 (<uU J\ . *l m^VI 

<<Gl jjj .<j 1 ul '10 II 4jj^.V1 judSj ^jlc <t n i iUJI Jj-a- (jcj 'LfJ olj > « < 1 a~t (2>£- 

' * * t ^ £ 

6 ^Vl 6 j « *■ L> (jJI coLS IfjLi .LoLoj <lLLi. <jl_>l ^ <iLi»l 

_ Ljkb Ix^jVI 5 jUI cJZ - ^>JI tj-Ai U}J ^iil oljUl ^ iLuLu, , JUJI 
t i . - 

Sjj^. $A CjIj^JI 6 j-A (J^J « jl-J *J^J 'f'l^)-* § J^- 1 i^-N >>^' (j-^ 4UI ^> n J 

I (j 1 i ^-o J|£. 1*1 i~l SjLtJI CjjL^ <^ jj n'l II Ijjb t5-*J a 111 4_ij^JL> Cjl_>^ (j n 1 A 

(jJI SjIj oiii J (_k>jVI aLaJiL <j. jV I aI m-^VI ciUt iii IjJ \) ^.H 

.^kil U>a ,> h^L, « JcVI ^ IjjLlJI 44JJI cLilkilj ^loJI ^ 
<pL-£^U 4llUJI Li_>laj <V?-J Lf^ P j i>ajJI I j-* CjIjAj jI-^jI J^JI (>> 

1 n n't n jj^jj^ i_U ni t Lajjj <<Ltu ^ifi Jl jJo ,_>uljJI J^jic .->jU . ... L$_l£J 

i*i->; II (j-l*. (j \ a j tj ~> liu j^JI aJsjUliV LaJj jl << tol a II a (j jl ^ a N * ^yit 
. jLua j Vlj pi l-i7» ^Lojlj J^fljJl J -> nil <4a.l^aJ (j^jj)" "*» Ljl^ (jjjJJI t^iiaJlJIj 



.Ljjil itm LLajI UjjJ (jl ^j.itij ... <L>j_>5j iLm ^All jjj .^liSJI lia A'Js ,jl ^ ■*■ V (2) 

.jk-jjl j»Ujl ;> i-i » . ^ 1 <JiVI ^ 



4j't_ir ^yjt iiLLaJI £_aj f ( _ >j jLjJI (jjf^ (j-l^- j nOtll CjLjlVill djl -> i<"i1 I g 1 . o j ^jjJI 
(j n il l Ujl- i n ijl <jjlaj jj1 jjdc LLujjiJj ■i5- fl <«t-la^.^LaJI ^ lr. '"^ J~* » 

( _ r ic J-LujVI ^1 niVI lift ^1 J^fi^JJ <<Ui 

*■ 

JjLa. Ij| <j] lilJj <jj> (j^K J ml .^UjjVI j"'"' ^ I M Sj£JI <jl-S '(_jjlill (gJ.Ti »n«JI 

L^jV «LjjJLaC S_>£i <Glj Aa. ^ <jl^ <JjL> j"> lu o Jl ml <jl .(^-IjVI I jj f I 

si # -■ H t 

La£ l(j I mljj <jlioVL JjUaJi ^jjjl ia-jaJI ^jJI - jJ m^Vl Isjlxu - Ci\_i I (if CjUsjI 

■ jUt^XaU ,JJ>i»JI £l >UWI lift Oj-o jj5j <«p8JjJ 
LfiV l« II jj-S (£_>j£ i_sUa*jl <[LSj jj L lie, I (jjll JjIsjj ( _ f lJI <Nj*nll 

^ I op" (^jlll (Jj«JI ^ idealization Jl** - ; ,„VI j abstraction jj^jiJI i ji 

4 Cil 1 1 J ■■■' 1 _'->• aJi ^^jjl <1il^jJI J^iIjaJI jl r <" ml ^ft Jl* n*i mVI JjLi La J c <<-ojjLoJI 

J-^al^L^ S^JI (jl explicitly ^-lt j_lULc (jjk ^ a_L5 < « > U ILj .L> 

* * * * 

>-A3 j">"i lu ^jiiia. S^S (jU <J^jjJI lift (jj> ij>=^ (5^ LT*J Lr'l U^-^^-* 

|> •C$_>^l j (j Ch° j jl ~^ II Cjlj-ljLlilj (jjO dl j . l mil 4 I ml ml Cjl l*Sj-o 

la ■■■ j Sj^JI Ji te> ik^ul ^j) LftLlL«_ue>! IjLi :dK"i-^Vlj ^l^^fJI iajLLo oljfjtDI 

^ ■■■Vl '*lj I ■■■II (j-o j << >Jla-a II (j-o I >J t_jl j~i il JjJ-=>-i <GLs <^^L!La 'J)->-»J)~ m o 11 
^j-S 4_L^.jLkJI CiljJjtlll Ciil^ (jJlsJI Lpjj^ ( _ r lll (jiuH In jU mjl Sj-ti ^j-Sj .6j^i! 

.5jjjJI cJ jLuj j^ylc Lilj Sjln 111 SjUi mn jljjjJI Lftj^i ^jjJI i-ijjJI 
UjJ Ij^s ,(1-3 JiAjl) jJJU <ui ^ ^jJI ^UJI ^ <3) (1 727-1 642) 

{j* ,jj jjjj ,2>c- <Ll»idl oL»jl» oil ^^Jt Jj«i-tll i'1'i^ftj (3) 
http//www.newton.cam.ac.uk/newton.html 



J^.1 j <j£J <^LUI c-^jJ-lu Ills I.ioAi in <(j.njlinll J£j tjjUUI Li^LLj 

<j-s ol > iALjJI i_iU> j jJai <Luj£i mm J jjjjj .<iLL5 *Lal*JI ^ U.f 1 ^ 

(j-ij .tit-; j ->, II (^l^JI <=-LjJ>j-iJI f-lc ^1 jjj o>^> liLljjj ^LjJ^iJI 

I4-J l^ 1 9*1' "^d^ 1 "^1 A (> J*^ <4 II 

S^Si JlloS .1687 ^L. ^.i: ^jJI <Principia <4) p^jLJI .<^^ <*jLlJ 

.<ka.MJ rationalization jVllr ^ csjA^' 

(jjJI j <4 mjj^ II fjfi. I Ojlf ^^Ijj ^ylll u .in^ II ^Ailil aXiOmS C»l ol uua ^1 

1 0 "i U "il j-j <_Sjjlj LiiLa Jj-o j (pLiAiJI <j-j-j u^Lll «9 J id a II ^^i I p ■■■j ■■■ 



iLuJiU ii^L^JI u^VI J <Philosophiae naturalis principia mathematica : jj» J^liJI ^Vl (4) 

.Mathematical principles of natural philosophy ii«j^kll 



in^KJI .jj'.Kj Jl jvA .All £j-«-sJI i^HJI <Ja-i luJI ^jLtdJI al4 J 

<^j-a-j t j m jj < c jjjjj (jjjl ji (jlc 4 j '1 1 o II <i£jjaJj LLuaj ^J-SJ <_j ill '(c5 'jl^~ II) 
(4jrl'iU ,^VI jLdiVI) JjI >uJI «j>.LiVt alA ^ j <^l jUI j .9! _>£JI j .9! nj .nA II 

,Aall ,„ll j satellites 

5 jl iAaJI jilt ILc A jLaJ J-t^ ^jj SjLcl (_$J-w i_y*-d £>j jjjJ JjVI (jjjLS-ll 

^liJI ♦q^iLi LI Jaw of inertia 4JIU«JI (jjili <LM-pJ ..ijj <jJo-ujj1 uiU 

iJiL^. p ' uia jl 1 11 n 1 11 T> < IjJ n 111 1 

,3^ S^S J-SJj LoJJlCj .j<j in~t II 5 _A>° (Jj-S LfJ-i Ai^J <iklo 

t ■"" I ^ (jL* <p.L>VI (j-o ^SJJ Ladle j faLaJSVI jni'i t ^jJ-d <£-^>-iitJ jj luj 

.«Ui S ji-ll Lia-ajj (_jjJI aLaJjVL ^JjjaJij LjjLfl <<UjUk. ^ya I n\ ma Sji OJ-Sjl I jlj 

:4jL» </~iIL /m*sj jj^jlill lj-4j 



JoLi ^ (inertial mass CJLkaJI < 1"^ II Ixuaj; _>i^ lt^-j) ^ 

Ijj_i^ oJ^f '"'^ (jLi <al tut « aji LjjjJ ^jl^ lj[j .SjiLI |>j maJI <-jI ^> "1 inV 

* * * - 

.Sjjj^ < l~i^> II (jjSu Lajjf. Ijji i<-> jjjij ^jl mill (j^J <a jjjLuo 4 l"*s I I jjjij Ladle 
^j,,<< II j ( <jgjtdua <jLaJLml <1LU ^jJI aj n^ll <UI U<JI 4 l"i^ II jj mm i(_jjiJ SjLajj 
JJ^,_> <LiV < cf jjuall Ijlj^J (j^jLUI ljj» ^ 5jj faaoJI (jf*^' ' «'^"'"'">J ILj 

.<H1II <JV^ S jUI j «5^»JI <JVjj ^1 

^jl J 0*1 ~> n II (j-oai <ic.j_uJI <-J j 1 i ~* (_^aJI JaJ-aJI jJl ^jl m" II LaJj 



p 1 in-^ jl iiiim j 1*1" II I j 8,.) ft i^jLllJI ^jjjjj jjjjLi jj-fi «<j^ij-o» 4iujJa Jjja.j J i%* 



CjLSjI (j-fi 4 fi Laji j^kljj jAl ^Jl (^jt^o (j-* J J*" (jl (j's Si In n S^Ll ^ iAl ~> 

* j, ^ * 

ujl in "> (jV <(jl ' mJI (j-S ^ I 7> ft I l-i iri n 4 8 il in II (( jLflj a J n» <L«_L£j . j <!"-■> n 

<j-o _>JjJI ^L>-M tj^l *— 'J- 4 ' <liia- I i<~< Ljjj-aj cU^- 1 o' (2)*^ n ' Ctljl in nil 

(^Jj Jj << Uj ui >ll CiVLaJI <^-a JJX. ^ ojl jjaJ ^j^- n - J I ^jiJ <iiLlj £-aj • jJ-aJI 

I *. ... » (J^a. ^ " ^- jl <<L^.jJ^_oJI ^jj -\ I II Sjj-^j-aJI i*l 1"^ <6j 9 1 1 t> \ i 1 n ,Jj) i -\ 

3 of 

J< ii< II) ■ ■■! II Jl imL tdJjj <i_>^lj^JI ^jjbj cj^LtLiiJI LjjLic.1 ^ J^-^j dtf^ 

lisj^- Ijl <Gt <^ ^f-l^- tfjljJI t^jLLL! jj nii't jljjl lijiaj <ljl i<Vi-U j .(2-3 

(j-a <l 'i'iK ol^ 1 9 i^fia* a (j- 2 - CjI n < majl <jja <£.j) n ~> jl _ |>j ma (jli-o 

(j^J -<J^ <j1 (j-* 'V*'^ >* iS^J '"^J^-J U^-V Jf^" IJa-oJl <4-="J 

,..M<I1 .>!_. '■!<_.> II jU^ol loa-lj <iiiJI oljLutJL jjjlll 

<j| ^ i A" < i <j| j J i ) <(_jJjVI «llA^&llj . 6 j (j k n (j-o (jj-QJl-l .ill II Ml (jJ JJJ jj^jLi 

4jjLuia SjS l^ LLL Sjill L^J o iojjlj ^ylll S^SJI (jli <Sj£ oj^if ^a^a lj| 

<4 < i^-> II ^ ,l '.'.< /- .j ■ .j ,XA\ 6j^JI L^-J JJ^J 4>LjJ]VI ^j-S < ni^l 1 nj S J iti II 

(I *' aj3 ' I ([ l^j'' jl ■_ -j a ' I 0 aj -^*' LtO'ir S_>^JI L^J j^j l" ^jjl S^jjJLi itill 
" ajjLjs j I" <-jl ^j-i ^ l-v~" dJIAJI ^yjUII a II <-i o-ftVI 

I 'ij I r (j j » "j <jl 11^ <J_^iJI lj_4 ^ j .A j_o jj» jaLL> 'tVI .conservation law 

.<ui Jjjl jJI jiLLJI ^J^jlj 

£ * < ' t * 

symetry ^>iaLjj ^ iijnf, 5_>ki LJ ^ijj <gV <«UalxJI <jjjl jilJ k^j <U 

Jl ' ■» i 

jjjjlij .^,LojJlj (jlixJI CjljJaLlj (j-S ^ "i -> j <jt k'l II - J*\ it tjj ml ml <^.^»JJ _ 

<Uo£) ^LiiiVI JiLL»Jil iJLlll (j^jj-i ajjLS «*j '^"^j c^lll J^UJI ^Lia>iVI 
.'I j '.I < j n ,11 ^ j .conservation of linear momentum ^ t~ » (<_^ j ^ w 



1977 J .--..... ) /J J IJ 5 
1 jiU=[ 



^g^ l M lfl.ll 

1979 jjl/jU 5 



(jT j" ■ " a It 
1 979jJjjyju*: 9 




989 j / V T 25 



J=0 

1980 j^ji/ ^1111 ^j-is 12 







1981 fk^j 


„ii/J25 




} 
■1 

I 
! 

0 



10 . 20. , 30 40 

ir Jl Sjajo pi tt ..-^|l ^ '."> j . II i'K'.K t/ J l JLaju-luL «.LAaJ1 (ji-uJ <jjIj_<JI iljLuiuJI m4n .2-3 mil 

jluj .^IjSJI oljeltU i^>u> <2Ui»iJI 
(jVI jjjj r1 >»jIjS ol -oijJI <il)j ji-o Jj^UjiS llllj L>j i1977 ^Lt I n^lU ^ Wjj (jjiUI <2 

(jj i-^ti ^.6 J~> "lj jJli jtj-ou <J inn Mill Ca jlVmll jjULLvu 'oJ^JI (ji o^"")" * * *' "* ' (* 

jjj^ 150 LI^S JjUjj t(j,i>i All Jja. o^jVI dli ^JoS . i i^'i LjujIo ^ LSJjJI »j^.l^JI) ii^l 

I irtjl ■-■!«*• ■■■ 2 JAjl^i (jjj .ia. j J 35 I-AjAI i_i£Ij£]I jlia (^j~i i.i j £_a <JjljjJ ((jJJSjJj^ 

jlj-o (jgj"> iii o ^_-o <_»^lj^J^ <4 'i in II 4 i^ I fl a A j 3.3 pLAj LAjjJi iii i 4 j iii n in II d . j b. •■ - II 

tt^-u ^ ciljj>»ill Ji-u<VI Uai-JI .(ju^l i i>ll aUJlVLi ,j£J .La. 48 La^ji ^IjSJI 

I J ~*»it-> \ ( _ f lJI CitjjJjuJI ftjjb ilu « iri -tij t-iSjill J>*. I " I *'l jjJ (>• "t^iliJI (jjlujLAaJI ^n'ni i ii II 



■ <J inn Mill <j jkl<JI Sjjli-a jkl (jaj .L^iljJhl ^1 J^ua^lJ ^^iil 5t_pi lliL U^l ilUUI 



Sj£J ^SU t JLc ^lijjl <£^uu <£!j->,"in £-sjj> j iu j a I jo. jj <j1 i_sjjjl1!I I jjs u^-j 

jkluo 6 ji tjlc <JVJ jA II ^lijjVI .(jAiaJ-a ^lijjl tlajj jjsJUI <J jUaJI 

6 j£ j ^ SJ ft 4 4 )'\ 8 i/i (jjj l3-^ ^ <l o mi^> i_i t i/t > 1 nj'if, ilJj -» " n II |\ ni'V II 

^kjl ^kiJI ^LsjjVI 51 ^kaJ gUiiVl JaU^I <^jjL3 .5JjLUJI 

■» 

I ft (j r Ljjjl ^jLfl <jj jLL Ljj£ ^jl hVm La J Ixi < JULoJI Jj> m ^^-l^J »l j jlr 4 In I m ft 
^lijjjU)) J-eLUI JlajJI JjU" \\\\e. j .6Jjjj jxjLualJI Jji <Ltuij jA j^Kll ^k'i.ll 

■ <jl nf l ^a (j 'C ft"'t <jl JjS K^liN II 

iA 1"*^ II ^j" a '» 1*^1 ^ ■ .■■ -■■ I J > Jf <jI ^ La a-J j-a «U ^LfljjVI 

^yjjfUj Jjl a I" A. /> ^jLclijjl 4 1" ~> o JjjjiLaJilj <<X.j-uiJI (j n 4'i \ ^jl^j "jj 

■i IS 

jjLcLsjjl <<LCj_uJI (jii ftjj <(£j^i.VI (_y.ll 4-f^=>- JJ-a I a (j 'i ft (J^ tJjLa-j ^>a"»* jJjLJj 
, j-i n-i II (_£jLui_> *. K II ^ II I jo-Q fcLsjjlj <Jjl in^l ■»" n (jSU '(jLf jl " (jljt-i-^ 
iiii'i" I a j jLfl <6i,wlj 4-o1 5"t ml (jLa.j -> , \"\ Lljl^ ^1 Ajlj ^LojLuajj Lojlcj 

.1 iA it Ij » ^Idla-uaVI (^J^-ll La^clijjl Jjj^ -j <(_jj^k.VI La^kld^i 

DO S 

^ U-> II ^LsaiVI O.' ".' ^* 6-° ^Lijjl j>-c.jj <jS JLIaJI Ixa ^ 

<jjIj!jVI IjU^II ciUUa^Vl bU :L>Lg ioLc t>±A j -jj^Ij V ( ^KJI 

& * ' 

iJiS jJu (jjJ <JL^ (^-^ J^" 1 ' '" oLcLijjVI n JjLa (clil ni ua II ^a J^J 
<Lu_>ij I* K <<_l1j_o 4_lxJ 4_uxij jj jl 'I ■!! .^3-3 J'S i ti 11^ 6Jji_ij ^ . II Jx.L&I 

if 

i sua jjj 1 j-Aj <<LljLkJI jj-Lc j il'f^ a oljl ni n t^JjJj < t jjJiULLI ^ .Aaj <UjLkJI 

.<JjUJ| j>a jl jj£ c> SjUl ijljill <Ljlj ^ 

.jjj^JI (_j-ll jJjLIj.II icli (j-a 'L^aS ^^"u ,3^1 <<5^La£. SjiSj ^Vl ja\ ... 

^ f 
<<lLa£. (j\ ^ Ihj^'x. (^Is^JI £lij^VI <J£. LU <Gl jJk ^LalA^LI JjUl i^f-SJI 

3>^J LoAxxi dj^Aj -Oi^ll ^U-^ II ^UjjVI (j-e Culj jji Jj=>.J (>a Jj !iLfi 

Ulclijjl ftLaJil JJJJLJJ (dti^j^. ^jLluj £_e tlLclijjl 6jLj ,j-a j»X.jJI ^l*-fl <dlj jl ' ■■■ 

j J t "j V ^''^ j ^LijjVI La (jLSl-a La Llj-ui jLa /.'I'jlj ... _>jjj Lejjx 




£Li.uVI 51 if II Ij&j .^U.i.ll t U.ii"5ri hi-.'. oMcliUlj .iUlok^VI .3-3 JiiJI 

j-o Sji ^jLuti U-4 (_j_>j j » 'I ■ aJi 11 Jj-3 £ la a II ^LsjjVI J.ii'i j_4 ^ jl irt"i II A*j ^ K !l ^ La 11 

JjLlj al ir-n-i jj jULJI if-V L^jiijj i jjS\ Ij^li ^LaJI ^LijjVI ^jJI jLijj .ol_>£ll (j-o o 
^1 jLiu La^ <«tl_)^aJt» cJ_>£JI (>» o-^u (jJl i ^ir^ I I ^LiiiVI Jilijj .jLuioJI '.ill ?L?^lj 

i_>"L> ilij^i ; f-t '"VI '^^J -u-_'".'II ji j ihVI oLoUkjIj JI^=L; "LjjiJI Lfjlxtijjl 

jL\ tJtAj 4-uAjJ tf( ■» Jjl <jljU "*Jjl^ CS^I pi) "'II (J-''' J "It" Ml £t\i <<iijLu <L>ljj 

•u-L^VI mil LjLju> o j^j j « j> < " ' 

itl^j ijjLLa Ij^v. 5jj i< jVI 4*1"^ tj| .(Jm'nIii nil aLaJVL Ijl I 4 * U,j"j 

■5jl j < Jl 

%^yJul\ Ij-Aj .La fi^f^u _>l=>LjuJ 4 -» m'i jjfc Jal &-> 'iVI (j^Li Jjl Ciifij J)> 111 jjiJ 

<-jI j 'Jl Jjj 1. 1, ft pLAill __JaLu ^jLi IjJ (4 m&j frl .A a II jj& JJlaJI ojjo ^ 

shape J's .tij id .AiJI _JiLl^ ^jJI Lo <t5 _4 U 11 ^LaxiVI W a ^ '< 

<JLs. (j-Lc il iA fl II JJkj <(* J «"« "■ a jLa. s-LAi j-S td^^aJl J!iLa.J 

*" ' ~ 6 ^ ft 



i « ^ j * 51 



< 5 i or SjJajj 'j^-l JaLLa M :<iJLUI cHjfj ^jjjLLI <■> j"*> <-aj 

j ^angular momentum fcjyb ^UiiVI LuoU. 1 .a>1 .kk ^k. 

j^jjj ^Ul Jjilll flywheel ijjl^JI ^VjaJj -S>>Ij jj-Lc ^ _<■■»•> ^Uj-il 

^Lfijjl Lfl-ifl jLaJ jjJj ^^lll <jjI ^Jl iajjlll Q fUa. <£j'j ^LfiAil 



ml jji; jj j (^Lill f II Lr Lt < Jis s^i £t torque Jii ^jx. J^jL^e 
.iHoi .«GjL> Vff^ tr^ <<jJj£ ^jic. <iijj_o JliJI ^J>*J ^HJI f> ■»■> II 

-cjV jllI axle jj>-> * SjSl j-o it^Jl J^ij Lfji <^j£» ^pJI <UUJI ^ <*jj_luj 

1 j " il -* ilijJ (jj^- 1 J-»JI i_jjJI jj jV^iJI jj^^j ^jl (j-i i_i J in II jJb Ijjfc j 

:<jjl^JI <x. j-^uJI ^ Cil_>liaJI ft "» lla- J^jj^-" ^ J (J^ '(4"3 J< hi II) 

JJLfl jkj^xJ ^ iAl t> ^-lc |vl k*i II i^xj^-' ** ^ 1 j • " < i t5jljJI ^LsjjVt 

j5 j P ij'if f< i *Ltj i Aii (jl njl-i i/i" J-i- 0 jJjIjJ-i (jJJ^ (jl (_y<aj"t'il ■ j i-^ jLk 

JiLLj ai Lojklia.1 spin ^jjij '^j^VI ^1 ^ ^jl^JI £Uj^Vl J^Li 

j ' , " s 

JiaJ |ihU I.-.VI Jjlj (£jljJI ^LajjVl £j) n-s o j^U idJj £-oj .(^jjLVI ,_^J1 

<JUJI ^ ^r_t^> in liA J ■ k<-> Lo ^jljJI ^UdiVl ij\ (j\ :U>I iii «Ulc (jl^ Lo ^yuL^i 

4^-4 V <lr.lijn.ll in •ji II ^ <£. jft-j, a! ^JUI £Li>iiVI ^ :<-oL«JI 




iSj^ .4-3 Jiill 

jjjj ^iJI ^»J| S^jkli ^ j -ijl^JI <ttlijjl jjji'il Jii k-iVjall li» Jlo i-iIK'ijj .a 

(JiiJI ^ ^.jJljjJI ^j) iijljjjl ^jVjJ JtL-j <J^iJI la* ^ j^ia <jI^-jJU 

.^1^11 



.dLljJ i^lij .(ji»_>VI ^1 J?~i>j <jl jl :<5jljJI £lijJiVI £j .Aj (jls <JL£L=».Vl 

* s * * a 

(jnj'M I ml nit JjdJ Sj^JI OjI^ I j|) ^Liii <-£.j_uj_> ^_jjAjJL U"»jVI j». J-iJ 

dLiU <( ^JI n mil £ j£JI t g uttj SCreW U^ls IJ n inn J4>JJ Lojjcj .((j.u£ l !»-JI 

(jj^ <jjtj (jljjiill 111* S- ( _ f LaJ i'I VC1 <L* J^*. (_j-ojVI (jljjJ JJJJ 

viilLs ^ j^la II <j_.-ajVI Sj^JI >_a <o> cdJj J-JLflj Lojltj fi'lLr, <j£. i-i3>Li 

* * , ■ * * * 

LjjjjJLoj (j.u.l <W (Lojlj <'I1,Vs J La * ■■■ j .4 1 n-N n \ (jj^ll (jljjJ Jj^wj aJj«J <Uj8 

^(jj^JI JfUu Ij_>^j jl ^LidiVI liLLaJiV jj^AJ ^jJI Lo 



<Ual_Lajl jL £J8 jllI I'm m jji <<LjljjjJI <£>aJL ^LiiiVI (jl£ uJ 

of^f (5jl>l' ^LajIVI JiLLaJil jli <iiiLaJ| .tLiAill J^i jjc LuJu L\^a_i 
jl .p1 /A 4 II Ci^i'i^'t ^1 JjLij <jli <<jla_o <Jaij i_l>*. S_>jIj ^j-lr. Lj-lu Llil 

jjlu^ L.iic p) ^ unifority JiLlJI <> jlaL ^LkJI ^UuVI -U.1 i-> M 

ji inj LoAlc s-LAUI JjLoj Liiiiii <£jljJI ^LiijVI JaLia-il Lot f^ji" i no lai. 

pLAiJI (jl I ''j x-Lj ^t-i-r. II ^lioiVI JiUo-il jli <<Lijj5j SjL*jj -^hLi J^-^ 
L^lIjj .isotropic ^l^ji <J l-i cjjIjJl ^lijuVI £lL> »l j < JuiL^Lo ^UJI 

I ' ' *■*> I aj >1 JSI aj a pi nkflJI jJ&J <£s_tiLj ^u-" 1 <j^j La H* H LXJ-^ 
gjlll Jjji>j <LLlL&. (jl Jjj .^,Jj»aJI j^jjtj <jja>jLaJI ^jill (jt (jjJjAj LxoJ Lo) 

^jJkill Li^uip jl Lr jjG j^LSJI ll^J measurable (^Lill ILLS) j nn'u 

.£jlj *-(j-ii< Ij-Aj «(j-J->^=>^lJI (ja^»"1l ^ i A-->"i f\ i«-><1l <JLiiJaJ 



^ * 4 * 3 ' ^ 4 

Jon" i ii j j»J . jVI ^"i "> aLjJj-uj I a i fl Jju IjjJ jjp <Jal U II jl lit k V L&jj 

Ciil£ .a jI A~if.l Young £j jj j-l_>lsl ^ j_>jj Ja5 oLaj <£IU in oil lia lAaj^ 

1 "jd « > (J ..." <<LSLj|j <JLu^1 (j-a <j Cj j-i n" La £_o (dl kjl^ ' « II jk-L\J d "■ I ' ■ -*» 

( _ r l-a LijV (6 J-&JI ( _ f _4 La LoLaJj t_>jJU Llil ^jJaj Cjjlj LjI . 5 j i 1 1 LjjLo 

ijj^j_aJI 4 n in II l_^_jLj (jj^jjj J-J-S (j-a LAjLoJLtlj .1 j i njLo-j jl Sj) 8 I J aj » "■ *■ 

.^Lli VI ?jL»ll SLpJI d_>13 i-LjjjiJI jl ^jic 4_o}Lc <Lcjj! ^Ul .»lj'.Kj/>H 

<H I ; II a i II hi o ^Ijj jjL^ jii < jj lj ILc, jx. I -. j_Lc LljIj Lo^j 

• , < » ■* « 

jjjjfc ^ j ifij ^^jjua^oJI (j-o j*S o" II jV tJj'S ft II ^1 (j4jj) in-\ nil (j^ JLSjjI <La j^/ir 
^-akt J^jft V[ I cuLuil Ja.jj V jU <SUitS oVjJI ja^ JJ£. Ja.jj . J o iSil 

I'l" i? l^a t^jlo O*- < ^(j 4'l LljLfl ok* II J*SJ([ II j> j St LaditJ :j^xl J iuj 

f.Ljjill i Jjj^lll jjjj ^j-Ld LsMx. <3LUI jkoifiJ JIajj -c>u j^LaJ| Jj_uailJ 

jjill <-jIjj . jjj i a i^'i jJL«JI jj-s jjJJI I j_a jLiojl ^jjij ml jJi j 



* 

(jiaJ V ^1 <3UsJI qIU ^Lflll J^HI 4>«JJ - c-Lj j-»-aJt I^-JlLc. cJj" uj! 

W. ^j) m ft jja j*L*Jj 1 846 j».Lt ^ <Lil dJj <Lo A^a. <-iJ-J AiJj-^JI 

^ <L£J „s^iJI fJfi ^ pL^I» J ,_,-<_, JljjL (1907-1824) Thomson 
^jJ-c JLLLiVI do-a* aJj ■ «£ mjt jJI Uj n II (j-a ULUI» <jt 1851 

Cil n i ni-^t II I (j i r> i A t j^) 6Jj 9*i njl CjI n > m^ II CiLuiljJ IjfcVjl '.jj i" 1^ j-a 

CtVVI I j J ft in t (^jJ) Sj'tlo II yU j n ft II JjaX. ^ j»j t I (j J o m'l ( _^JiJI 

XjLLJI 

■"■lj*- ... II J^LL J >J *' ■ II pi ' I -> " ^ya j I ill I ill ^y-S Cil ft ) HIT. II J ^> i \ \\ 

tl)l j-ijf <>-l-ojj 'Lijljj 'U-Ij' -j-^ j-^LHI uj-^' u-° lt'j^' 

^ i ni~> II < I'i's i_jj_lO (j-o I ' !<* J (^-^' j i n*S II ^-S iSLLxll lU inn (J nl" nil 

vis <j^JI 5j5ll LcuU5 L^i_^o^j <^j^JJ isLkJI t>x& <zi n$ i jij r<2c.j_uj jjj-oj 

(j-a <£. J "7 " La1_>=»-s iitj ^jlll ylja.VI Sjil I nil ni-> I mil to 0_>-^l J A/iVa 

jljjl (jjj-o j 8jHI «f j -> II Cijljjl I ft K <it <-SjLLcJI Jja5 ^ J -Ol ftj m^JI 

* ' 2- i - c • 

ASj .LoLoj La^ta (j^-i |vJ ic ^ mil X 3 1"< II Lg-jU isLLi! jj JjJ-3*j £j| 

Loj\r dlj j> ni-^ l(j\\^j ^jJLlI Sjill 6jLjx.I «t -^j'i'i _>13VI lj-* (jJI^ J-^a jj 

^ la* a a uia I fStla * (_jJ-ll S^ill £jLi <Lo ^Jl <^jLJ1 ajljjjj <La l5j mi jiXtoj 

SjLiC ^1 ^JJjJI 3^^' (j^ ' ^ l^ 4 .<Gcj-lu Citf.l i A" Ijl CjI_>-o jljjj 

Ual^ «Ljj>52 1820 jlLc <^l=ii: jJ frVfl iij .t^Li jJjj 
((jjLHI tlPj-ij jjJU_> "j <L^jjj_^. (^jJI) work J-a-*J 

Cijl^ lj[ J i Ail ^^lc. L4IC. _>l*i ^_>^-ll u-° ij-iLlJI iSLkJI 

.....si" _ - - 

<jliaJI n in* LaJjLJI <ij o*S II CijLS <Cj-B J-ll (jAjlJ Jl jJaj .4 j o*S II 6 j_4 uj uaj 

ojLuaj S^j_uai Sxo aju o>1aj < 1 a II ^j-A <j£J <actual energy <jjlaL=»JI 
^lUmoll lla Jl*l^4 'u^b 'kinetic energy ^k^sJI <5li=JI 



j> m-s II jl j_>~> <<jJLc <u^j^. <LaUa <£,j_l»u dj i"m J^Sj j» <ii^ I jli <l j*\ ftj 

4j^ja <SUa l-i tl in a uia <_i tin's ij .4 iAi^>'u <L»£j^. <LsLla c- U 1 1 dj^»" nil * 8tS->H 

Q 'tj ^ <j£ _>aJI <5Lk!Li <^U-s II ^UjjMJ L&Lkj .<G£ ^ £jLuIi Udlt 

^ j ■ I tail -'Ij ■v" ^jJI S 1 1 i :>Jj->.j n.ll ^ i m-> II 
j£ ^ i al"-^ * II LfcU^jl <j£J (I o ftl -^"1 jjc jJalll ^Uti (^I^j^JI <5LU1 

(iiUaJI 4_oul jj ^j-fi nil £ J_f-S-a «_J[ Lij-il j-ll WOrk « J_a_*JI» j,l 
(J-ajJL il alaJI «*■*■»' (^jJI La ^-$-fl I 'i J I f ■ I i IjJ in<" <J jl Jj-t " iiijj 

■ »lj ^ j I J-a-tJI j •>*»_» f U II .<U-ojj.1I I *>">lj^> ^ aLuua j£ i fll'i-^j <LiV 

d>a^ ^1 <il lulJI L\jj I oK j ^ «Uu£L»_o 

, * t „ , ■» * j' * 

jljjl (4 iu<l » nil SjUl O ohf. LaJ^j .<lL*J I'tjlr ^lll J-ajJI jljjl <l n ma L$j 

- - . * 

,2 ...<{m Jl s jUI) <JLi!JI ■■• jii'sii J;i5j « ■■■-^ jJj j| .<Ui I'm If, ^jJI J^aJI 
jjj La] .J-ojlII ^ j* a jl (jo iAi'j ^^jJtVI J5iJI <S[>a. ^jUj LjjV 

ov,.^ ^ ^pJI gravity ULaiJI < j^LII iiL, 

Lu ^LlLaMJ SjLiil <JLSUI &L^jI u , l 's»_i ^jj-o ^ j < Ut ^Jj j[ 
^^^j ji JK"->VI JLk l jJ3 p U ■!■ ( _Lt Lj-xi^j Lul JjjLH! <Vj! .(J^j >i5 
<iLUI jlj^; <<La^nJLj .L^jiiaj Lul LJU» ^ jl u," - ; 4»Ui,ll ^1 .ojJLJI ^» Li^o 

jt^ai ^1 <kil!l ^1 J ,U J'l^'t (j) ^Jl <jlaJI ^ j j Tr.ll {y> <^jjaJI 

' *' 
<LCj_lu_i JaiaJI ^it jJ^^kJ 4 » In ill (jL Loit <5^a5 Jjj ^ . i's'ij 

<^j^JI iflUa ^ j <5j^ j^. <5Uo ,_J[ Jj^Jj aLlll» ^ jjl J-ojJI .Lit I Sxa • <ljli 

ft'C I I J^jjL* (jl (jus (Jjijlil ^ i A j t<tj^j -> II <1\ Ull 6jl if. ^jj Jjl jjl t J-aLaiJI^ 

^LaJjl jjJlj j| jVI I'l't^njj . ^(jLlijI ih"o t6 j-s 't ftll ijSj^JI <SLLaJlj (JjJxaJI JjsaJI 

jjJjJLc. Sj i^'ift ^jlf- CjLuj dj-tVi ^^jJI <4jlL1!I u Aj~a'.l :Jj)8'i9 iJjIajJI I jjk 

Jii j ^jJI I ^ "*S Jjj^j <Giaj i nil t- ^ .tij Q ojln ,^,1 <cJK"-» I jjjj 



: : u , 




«<3UJI (> Jl^ i£ ^aJU toJ < J-m. jUiV f^o, ^ JU»' ...I .5-3 JiAJl 

((juUUI _>^. Jj - " j .piston (juUiJl LjJijjJa *JL1\ j-ii <jl 1 II ljj» y-ij .4j£ £»Lk 

6 jlil 5^>=JI iSLkll tfjL^ (^l tjiJI ^j^'j c-° tf^') 5 J^' 



(^jJI J-oaJI (jxJu jj> j <£*k ^1 >aJI <Slkll J£ Jj-^r> jjdlc. .(5-3 JSLiJI) 

~ II Lalia. J .<5UaU <lol£JI <Qi<~JI jJl ji\ (ji (lift J -J-^ j*^' 

A.LUI ^lt Ijpjjjj La Jifl V jjjil jlj ..1 ^ 01") mn iSLkll 

*■ ' ™ <■ " 

_ * * „ 

% 3 * » ^ * , $ 

V (fr^J <£>aJjji iixLk it&) iflUaJI (>> Ida. <kli <Ua£ '■.II"' "J V CS^JI 

J-c^JI CV» < I J-l . 8 <J JdJ VI 4 i£ />_< 
^-jji <Jd-i |t 1 1 1 1 1 (j£-a_) jJI |J_aJ»JI 1 if I 1 A" Jj-kj^o a ic.j_uj 4-9X.I <A n j 

.ol> 



<2lLJI ^y> J -~°' <^U= ■'! !*■«_■ Lu_>i <L£L-u I - JjjSj <j\ j_o .6-3 J S i tJ I 

k+A .Jo j;o 11 >»L?. j 1 (^i JjSjJI oj^ 1 -potential energy ii^KJI iSLLJI ^^^-j 

" ' * 9 * m * 

.Si^VI iulill JiaU= bllJI »JU .LIaJI bu= ^ ^ ^ V fi ,>j 

<liaj_>j j '(jfJL-o jic iLii £-S>J Lljl (_yaj"> i*J .4_iH">ll 5 j) l-i ~> ILj jjVI 1* t 't 1 

Jilll I a ■'*«« ^ (6-3 Mill) jiJ Jii mi" CiIj^jJI ^ j 1 Mil uu 



jjli aJ <g1 «JjVI oJjJI 'jJ -J - *? ^ f cP^' £-*L^ fjfj <JjVI 

olA .<3Ua dliaj jjl^ <jli IjJ .J-aAJ ftLill (_j.lt 5 jjill diiaJ <4j|>ijJI l£ jjaJLo 
<(2>>* " ^9 Ij j^,j*a <j ■_• f 1 ■■ ' a uia I I o < <2UsJI ^_y^J (<JUoJI ^ya ^jjjl 

1853 fie ~ iu » H |j_4 £ , Aj jjj .potential energy iLoLUI SiLkJI ^ mi 
,(1872-1820) W. M. Rankine j^lj uj^L, fLJj £ ■»•■'"< nil 

. <_y£ <3UaJI Ujj-ui <LU'l 1.1 j <<3UoJI jjfc ^ hi mjjg jJb J 

. 1 n j j (i ni Lj ^ n 1 11 T1 SjljJi. <J^jl^-° <i*lj olj-l J^j-Q jjJI Ij-M-ii ij <<LsUaJI ^ix. ^ m m jjz £jja {jxjUi^ (5) 

^ <ui Sjl j^. ^jl (^111 Kelvin scale <jlK jJLJ ((jlK j j^ill) (jj-^ f-""' J 
ji^JI (^jJI <Rankine scale <jjijlj ^-i u^jlj '^"j < (^j i A' 1 ^?o-J 273-) jiia-JI j» uJI 

460- jj» <ji jlkJI 



J-aC jLajl SjjUl) <lalUl <5LUI j _>aJ ia^Ii JaC. jLa_il j^ic 4 jjUl) 

^AjjiL^fSJI <JoLkJI» JjLo cj)-> 1U .^in LJLc JJ 3" ... ciLit £_oj .(^J^j-dl J 
rpLxjiVI aIa JU <5jiaJ| ^ j ^a. j }la <«4jj^1JI ialkJI»j <«<jjL-o-i^JI 4jILII»j 

pi C j) n-\ n\ * . — ~> * ** J 1 ~~ A J 4_aj^La CjI a Uo --~ a \j f A ^ H~ ■ « H > ° 

3 * * * o ' 

iiUJI I ml ^ ijjL^UI iiLkJLs .tLoKJIj ^j^JI jj'.Sl Ul l ^ <Lallj_a 

.1o.jj CjI 'i ~> i"i J (j-* I » il 111 ij iSlb CjL\_$_>j£W *t mi's II 
CjU jjL^J)U <lst£JI •pjlkll ^1 lfC.La.jj. (j^aJ <j£J <^Ljl5 J-il JjWt ^^Jc <Jjb'~si 

5J5QJI .f(^J>=JI JJJj Le-iljjJ JiLa. 1 fl~»< iSLkJI j 9l%>aJI ^j-a 

ijjj) j 1 j uaAaJI Cil ■»*...-». H 4^j^i. j Cj^LcLsj (2)-° ^ "■'**' I I tdUj 4 i in" 

^ ^ 1 u — 1 jj ft ,t, II 11a (>> pl'tVi i.iVI j .ijjlll ^^Jl JiJj subatoic (££lll 

Ml 

3 U~j Loj-sj .(fllxJI ^Li^b photosynthesis ^ j .a II ...j's jJJI < j 1 a r ^ij 
dlU j .<ilal£JI j <b£ j^JI (jiiiLUI j>o LJ£ iij^o Lf fi <SjLJI iiJli-JI iSLUL 

.<2Ua\\ fjC <Oi^o La J£ dj>ij (jia* <LuU 



11a <* • a " II Cil a 9 i a II A i j a j Lax. fy^i ^ i^Sjjlj V (j a t a .Lo a^. ( _ f J[ I *t m *> 
,jt <5LkJI ^3-." in" j .<jaU=JI ^. in di*J ^LAj! ^jja.VI Jj-uaill jl i_fl_>3Lj V j <J i/iill 
^jjaJJ Cilaa-Vlj ^j-bJI oJ^Jl ^ ^j^J-° U-jj^ 0>iaJxj 

j-iSL* (j\ ^causality <±±> uJl Lu» ^UJ ^li^Jl ^LluLujVU ^<i^LJI .<ui 

■* * j * * * s 

blkJI fLj-a^i ^^JJ LjlLi ^IJIj ^^a. <JU ^jlil yUl ^aljVI 

JLxiVI VI '»"' V 4j m mil >^Ji C^J-ll J (j J *' J » II ^j" < " II ^jLaJI 

.^jUI <j-uiLa_JI iiac. Jaj ^ 4jLLll ^li 




jLjjJ j^JI JUJI II* .7-3 Ji-iJI 

»J ^a.jjJI a>£-ll jl " ' J I I u-« liiLuJI 

blUI J^aJu l411>j .^Vl ^ 6^11 (jr* 
j^S-; Jj tfjjl) JajLuJI .JjjJJ tl^JI 



1? £9 

i^j> Iji <LLal£ <Ji oKJI iBLLII .<L3LkJI ^ join oUjj^-o uj^-*^ ^^-^ 

l>s»j) J-LwVI ^1 U< m j dJj-lc . 4 }lc1 ^ <U laJ_>J (^jJI J-tsJI 

lj i i's Ija3 <-i ■■■"'si jJi lxS^z! 'U^J^^-i 1 U i«-»l J^j .n't (_j-lJI <JaaJJI 

Jl, yj*. SjoUl aloe Jlj L> <al . <6) iul£JI <isLk j£ Siij ^j-^JI <3Lkll 

<u ^ jJLj Lo 4 \ mij Ijjbj t^^Jx-VI j^j j^Ll Ljjj ^-ig j j Jjj <Aj 

Ij^J ^J^j-aJI tgj" -> a II LoLaj \ L Ij-A ^jLs t4 5ji-» II ^ j .(7-3 J< mil) 



^^it i»J>^ jjJI C)l n \ m II <(_><=> jVI £_la-uu <>» Ly>« CSJ^ l*^" i'^^l ^ j '*' « H O- 0 (6) 



(^Jl LlAIa^J JfJ^ ^laj ilcKJIj LS^I (^^ISLLJI 1} ^LULluVI I'm If. J .^»» 



<total energy <1KJI islkll ^1 UUj^? ^pJI <-»j ^ II I ^jI^j 
J-i-o^jj LliLi a j <JjVI {^jll <j ll j (^oj^LLJI * j 

^lill Cy J±> uJ^ JLqxL«jL r^ul^VI 11a cAjSI (j^-JI ^ .<ljli <lKJt <5LkJI 

dJLUI (jjJilUI ejj^ Jla LoLoj <<iUaJI JilLa^V SfjiS jJfc <^>iLLH dJj <jU 111 

^u^vij {gLLi\ ^iiuvi) uallu jjljiii Jiii^vi L/j jij 

tjjj-uuj .jia\ Vi 1 1 4 •>_'"''» <iLLJI JiLLaJl 14 L° J-* <>Aj-ll <jVI jt-i-^j 

<spacetime J^j^ cr* *\ ^all jj*s fiJI In If <d 9 J^jll 

(jl 1-1 ^» j -((jl^ " II) tl-iA^JI Sljl i n o I I ^SS ^^-l-t J-''-*^ (1)' '■„■' "> J LfO-H (1)1 J 

ir.il! J*S in {ya ^UaiVI iaU -» *il 3** .'*'-' ll),'"' <_T* ^ ^'j* 1 ! LT^ Of tjj^> 

» 0 - 

j ■"*» i > <jt * * a I <^ 1 i*s" jj-C ^ojJI (jj^ 'I » d>-o J)* .' '"' 4-la.La-La <jUaJI 

i La i \ ij «"i jl 4-La £_LJs 1 1 ^~ J >t"> moll ^Jl ^ .<->! oil ^ya <_lu^Llllj 

J,» >1 jLa. jj ^1 I Jji. <.ij fc t j >tU3 j -ULLaJiVI ofj'^ Off iS^LJI (jl 
jjl cdJj ^ 4*s j ^ II jjjjjj Jjjjl^sJ jl i) i~i Labile ~> <U^Lij << i -k Jal t-^ 'tVI ^ijl^Ja 

illj'iKj a II j ^j; ■■■'■II SLaJI Jji ( _ J Jjt U^4f J ^UjJiVI iiLLa^jl 

j^jjjLDI (jj^J I o l*» n Lnl ft" (JjLojJI 4— inj aj_iiL>_<i «* a '*■ J j-A ( jjjL&JI <_ljj 
lift (jjjj jjVl frl alitJI o Ij-A .^jK ft II 4_»*i^LuuJ 6j it il j o <-n t"i ill II Ml 

^Thomson . n ^jJo ^..l . ^yj" ^ II ^aJLaiJI j ■ ■■■ °" LcLlil y& j * ■•■ °" ^ 



LaJLIsI » i }U <4 uijJLa Ljj j*£ ^dl IjJoj j <«Lj hi ill cjIjI^IjVLi L^-jjIj) 

■ ITiIUI iii'i (j* ^g] A-y i*t i 



.il^KJI iiLUIj .CS^JI iSLLJ! 4JV^> ot nj II d>Lud J^JUI Ijjh 
Lcjlt 1 867 (kLc Jjl-tt "LjjfiJI VjIjI* j LL^ulj ^j-J <<3lkJI JiliaJilj 
Treatise on iVi M <i „M\\ ^Ji .±. i <jl Tait j t^^*-^ ^ v±^_i 
j^Lcuj iSLLJI > j j ° » jL d! jjl <j^£> cJ>JI dJj Jjl-yj natural philosophy 
^Lojjjk J - <1847 jkLc (j-*-* .pL»jjill ^ju-s ^ \j % ^dx. 

fjjinll liA <<iUUI jjt-ioll <(1 894-1 821) H. Von Helmholtz j$Jj|'j» Cx£ 

^£.jjj t^j^i A I -■-■!-*>« »Hj (pLijij^llj <» j_uiJlj <d iiK i o II Jjjj 4 *i II Sj^jJI £j ii J 
< K m ft ^j-A (I fl K Sa^jJI OJJ-A La^fcJ-o 4 K iti n <_d) jl£ <^t -v j.ll Ij-A 

~ * * * * * * » * 

Jij dJj J£ iSjUJUIj v_.j^JI j_i rW^ 11 j-ll c.bl .r,-.iVI JM s- J j 

■ 6j i^-il ■» nil pLjjjiJI JLa_o ^jlA <->-sl J Lfil I^J jl <Sjl^aJI J^.^JI ^Jfi 

dLjjJl^ ^ n mJ ^JiLo SjljjaJI ^1 <^Lijla IdJ 'Uj '^J frl nit II ^ jj***^ II (jl^ 

<(«Sjl^JI» ( _ r iii ^1 calor ili-p^UI i^KII i>iLa ^-u.VI 11* j) caloric 

1 0 ,'~-J ^yjJIj <ojj l-^-l (j^d ,_yjJI Jj <«<jjjJJ <LLSJI jo£m JjIjjJI jJfcj 

ojL^ L$-jl J-j <._■ iii ~> < jj^d-1 <-LU ^jx. Sjlj-^dl (jij |d .("jj-oaSVI t jj'> -^1 \ II 
cjjLS ^yjJI cil oj 'ii^ I I (jj^ jjj-a. <(jlij (5 1 jjl^Lkl I j *>K q Lj {J\ ^ yla o > «icjL» 
j^I 6- La ^ ( <iLUdl jKiVI 



cJjL> caloric 

£_ j " A, ^ II j fJL*J J4-S tj-o 1 789 j*Lc |> I » II caloric ?J< o-» * H 

(_^uj) ml II J ^> j fi Hj 3 mi n 11 g Jj-sLi-aJI j ^ jJLa II ^ pi in*> II JjLlo-Oj ^ ...I .... II j 

(jj-^ajL jJ^ .(1814-1753) jjjLaj iZijj^ <B. Thompson jj-m-ajla ^jaK'it 
^l* j^UI ApuJI y^ijj ,1776 r U I ^iK:l ^l 

Vj^jUu-oj <<uLi.ljll Ijjjjj 'vjo^ Ijfjj uf^ '^j^ (j4 ,1799 
.i^aiJI <ljL<ijjJI •Uj^y^VI count blj^j <«pjj jl " in J <j^a» <jr* 

jJLj LajJ Jj^aJi C5^') Rumford Jjj < "J <-^U a j»-oul <lsJ jLliwI jij 

*2<jAJi aij . <GU. ^jl cjjJj ioa. < jjji^U jjj jVI jL^» c5 jJlj < (Concord 
JzjJiij, ^ ^jj jjjjJI ^ .^.s 1 ; (jj^uajla jl^XJ «L=k-iij caloric l&K 

P-LaJI (J-o S_^jjJ 18.77 A^.JJ .jtjjjj-o <LaJ-uj| ^J j~i iii n ^ <Liic. 

(jljLuaja. ^12 J JJLJ f i_fl «L=k.jJ 60 ^IjjjVI Sjl>aJI <L=>-jJ .(jLj'i mil f-Lfc j 

.(jljji IL» P-Ull Ijj <<fcLu 2 1/2 Sj-o iJo^kjJI SjljL 

V I Q ' jlj ■ ' SjljjaJI ) ' lj" (j*\ o n II (j-o (jl <-JjLa-j J^-o <jI -%l"'l~ ml Q.'lL^ 

LAjl >*irl (5 jjj II ij- 0 - 4 ^-j <j-°j <c]l^">~> VI j K ml I ft > 1 Ijj 1. La 1 <i_i 

LajLo L^j V JJ <^JjJI (jJJ>-« I (j '1 " Uj^'j; (_jJ-ll pi "J m^ H I (j < 1 ^ij-l 



^ ^JlS uj jJ-luLj SjI j^JI JLa.jl <-Ljia inn J-k5 (j-o Jj V ^LS 

— - ^ ^ ^ 

,<2UJI iaU-^ 'il (jjjli ^ I 0 ol -> t\ <jj It <-JjjJI Lfla^jJa Jlj. W" j <^,la II 

iJjU <j3^j-oJI <j-oJoVI (J-o <l_i j mi La£ <5jl j-^ II j>-fiJ J-slaJI ? m'l jj j 
CiJl (_jill Ciljj l->"> II j< lri» n (3j^ u' p o ^Li-o-M 3 -0 C^-^J <<Lcl '1 I I ^^-S <-»jl -> > II 



^ 5lj->l <j1^1oil L^-jj Ci'il (j' ^j'j^^ f-liJ- 0 <jJ5 mt^ ^JJ-^I J a -" i ' or*J (7) 

.L^Jj ySj jj L»^?-l jj (j^J .(5 aiJI) 



jj-S j»-A^j_o (jl^ A j'll t-Mj-j Jl n m jj-o cl nlf Lij)ji_j] SjljjaJJ ^JLaJI I \ n (j 4 ^1 

(jl j_a ^LiUI lj_a (_jJ Laijjjj jj <"j .. . ^^lll .A IjjJI (jl 
j-luLiII ^ j ...I .„VI cJ>lJI pL«J[ (j-s ^U" ^oLlJI ^jJLJI oL>!iU. 

JjL5l_A j .(cjLjjJLUI) <_£jji.VI Cjlj^ jJI J-a 5jj -<.J <£j n-y n\ JjjIIj J-oJlJI jlfS 
^ i"l A (j| da.a^ l"n~> <(j i" » n*sll (jjjL* ^Liil j!^l n>"i m" Lljl£ (jlilJI < jLjJji.jJI 
tjjjDI JMa. J J '< ■)(} ? i'lj() \ ml JJj .IjjJ J I *J ill <pLjjLaJI LliLS (jj"j o< II 

^Ul J-a-*Jlj <((SjIj-> II ^*Sj'il o II P^lfLaJI)) (_>uLli <UjLa_e ^ >ic £-LuLill 
,j-o tJ-JJ) ~> " (J-oLt jLa-jjj tSjIj-aJI (j-a SUaJUa 4 _i fi*s (j_a <-> If J j r ^ — » — > 1 1 (j *s n_i 
^aijJI jvlllJI (j-a l! ml ml Ipj^a. J (j ■> II Ij-A (jL£ .£j)M CjI J-a-j CjLjjJI^JI 
LjjJaj 4 0 ^ j <«_j| J-XJ .<iLLJI Jal a ll (jjjULl (j-^jj -y " II (_ml_mVI (j-a Uj^»J 

IjLJ 8 n \ jJ_A <Gl : Ct> U-^ n (^JLil 5 '' ^ -^J-U L^-* ^ tllj <<J-!LaJI 

J-ajJI jjl (jSfl Lj-S>fi (jl J-SUJ LjjV Ciij-LI ljj_4 lj_ft (jl^ .Jjjj_aJI J-ajJI (j_o 
JJLJ ^Jj tdlda. jJI (jnfl'i i I I utSj ijjjj <<L3UaJI jJi <>^lj fij-^ jl " n " i SjIj^JIj 

<JLj_>UI 6 j_A Jj-oj <CL5 j jj_A ^ J .A a II <lJI Jjj-j (_^a II (j[ 

V V j" „, ^ j^Jj-JI ,(1889-1818) J. Joule 0 n nj: > jj> Sj^i Jl 

(jl ^1 <i^» JjjjJIJI diaj (jl^ 13J .<jujJI <r.l' t io ^ Jaaj ^iL 

* >' o"' ' 

i_uJI jJ J^a. Jn^~ i ..I <Qj i oil <aaljJI <Gj^Ji •Ijf^fiJ 1875 j^Lc. <dljjil Cjjij 

<pLaJI dj^ajj i^Lu, <^ jIsjJI rotating paddle wheels sj^^il ■ a_. * ? -.i i 

Jjj-k" (j!^aJI (j^a (jl C)Lij[ ^1 1~~ ml IjJ .8"3 J*S it. II) pLqJI Sjl^i. ^Lfijjl (J"Lij 
(J-uaa^J pLJI Sjl>a. La.jJ ^-i^J ^jMJI J-«-»JI iijU-a ^jjj .Sjl>a. (jJI JjljJI 

(_;<_. -.!<:_■ nil c^i^ji j^ls £i j .jivi (j-i: jU^y icj^ui SjI^ji ^ 




jl+»J ^111. JU. .8-3 Jiill 

tLJI _>jt < a_>,)-\*ill IL*_c JjjLLus 

^J| |jt \" tut Jjjj_aJ1 (Ja*JI --^ 

JiU. oi>» yUl iil^JI 



mm 



1b 



o # * ' C 

i_Ji ^ JSia, J<Ls :iSUJ) ^ Ida. SjoJLua Sa^-j (J) Jj4-IIj .joule J>=J' 
<JjJS cdlli »j_> J£ (t-ij .J-o_»J (><> j-=Jj <4Ij-5 jjLui^VI 

^ ^aJI jJjj ^oJI J^jJl <> 100000 pUj laJ <S> 100000 

4-u£J! tiitj j-ii jjJ tljjljl ^ya ^ I La ' ^ j" ml ilLlc jnn fit (j-O j <i*lo in-s 



ikil ^-Ij^ LojJtc <(N1) jjJ j i^h^I LajljJ-ti S^i <Lj f. jJLi tjill J-tuJI j-» (J1) jJI J>?JI (8) 

■SjUl aLaJjU l-i^'j La_jjjli 



(j-^-j <* «,»l ' ■■ JJa3 <iLkJJ balance sheet i^j^uJI 

* ^ * 

(j-a I j la ■ ■ i *1 «Lfcj taj ^yjJIj <t_i->l i«"»H jl *■» I II j Sjlj^JI Jl nl" mLj 

I j Si la (jl ■"■ u ' » <(jjj^j .'I >'»!< . >■ . ^JLxJi ,_ylJI jxl m-^VI tjj^J t_r*^ CjI ni m-^ II 

<^^J| <J| JUla.1 ( yLt <llaJLc Jxa ^Ul iitkJI JiLLsJil <jjjli <a^a ^ 

perpetual 4_^IjJI j^JI lit .1 a ? lv.l ^y-lx. J-a-*Jt <sj^} <-»5IjJ 
.<jaUa ^a. jj LgJil (^1 'JjSj dM$juJ (jjj Mat J jj jl-e^ ^ m °ti° n machine 

cJljLo La^UI jsAl 4.'.'?*^ CjVVI ^| <<-aj|j jJjj (jfJIl^all <5Ua $ Jjj 
(jt-J (jjijlj (>a-j .^JoiJI (jj doit's S" jl I 0 L I ~> "t C5j-*-J LojJLt j ((j^^jJLj 

iTjULcjl JiH ^1 jUVl CjUIjJ Jj-s km ._•"!< aj) i-LaltJI Jju aJj <<kiaJLe <SUaJI 
• CjljjMll La Jj ' i"i <*'•([ " <LajljJI ££j^>JI (jfc i^i-> ill ji'n 1 ((jS^lj (LiAa. I fl I'l'il 



l^JJ La£ <l »() JUJ Jjji <Lali <<SLkil (jLf-a-J SjljJiJj J-aaJI (jl (>o j»-C-jJI (j-l^J 

" * S "i 1 

( <SUai! (jl jflk* Lo^jI k-if^J 1 J-ojJIj Sjl^aJJ J-oKJI jv^iJIj .4 nil mil 5 ^kill dJjj 
jii <j*i*JI ^ IjJIx. i^Lj la£j .LoJijlalJ (^jjJ^aJI a-$-iJI jjiaJ I jtV>\> (jt Jj V 
Jjj-iJ J J^?»J V «Li1 t _ r lA-a-j : c jjjj^a.j_a 'Ai^ f-^ I " < *J <illj4 ^ (| 8 II Ij-A |J-slj 
I *«"! i a ^yJ I " t-l^j £j \ lil -t n Li^ Lcjj » Jl Jj-a g-^ iti I J j^a. j V j <5jljjaJL$ 
.(jjJ«JI aljj La-o JJol «l k-> ^LaJI ajja f ( _ { ->^> J ^»J (j-" <J-> ^L* f<_i^ij_JI 

. ' aj a II I j-4 

Lo Jil Li^Lkj ^^J»LU (jAiLjjj _ Jjil LoJjX. < i if. I ^ jjl Lo <V jl 

IkiUI SiJaUJI JK.il ,> (j^i I oo_,K J-a^Jlj aJj^JI ol - Li^L^ *Jj-5 

<ij_>i= Ja*JI .^Ll ^1 ^Sj-a (>a <5LUI Jill (jllSjjio I »()jK La4j1 ^ 4ft uila II 
^ nil <(J-ajJI» Jj-a f-,_,_iiJ Jj^J V -(5>i.l <Sj^>L Sjl>xJlj foliJI Jill 



^flU .onll Lflj Jn«"» uu (jjJI <JLi JoJI t flll-s" Lpl £_e) LoLoj 1([ mil ijL^laJLtj 
i Jls^. <j» ni'v <jj">-% nil «5jljjaJI» ,JILo fr^ nil I i Ail V <^4jjl*JI LjjljjLi-o 

IsLU l+il :<SLkJI JilJ Al^jL ^ gj ^Jl .jL». * iJ ^A\ 11* U JLh ji 

(j-iAJ I jl <l1 <LiJJ djj. 1 1 (jlS Lojj .La I fl *s l"i n t <iUa Ci '"jJj 'JJ^° ilLa. 

jSjl mil I'lnjrtUn J£ jjj I'ljlr t_i ^. j 4 tSjI^aJL < J 'i ■» "> LJ ilLoj^-Lo £-LuaJ ^Ic 
.<j-ojjJI cJXi\ -> Jl j^i ^rlUmnll Ij^J (J-tSjJI jj£ ^-oIaJI JLoJlLluVI ui[ SjjiujjJI 
-s I II I (jl Uu <«LijJLo <f n K il n I * .11 jl "> j Lo LJLc <^ IU ua Ij 

iULJI ij^j Lo LlJLcj .1 nfl"iT > " < \"iyn\ \ 4 nU , » I I (j^a j^~ uu jJi <Lflc <j-AjJlj 

Lo li^ 

(2)Lj _ JJ5VI L5 -lc lAlJ a _ iaLki! n in" <5jJoj il ^il-a <L3LU jJk J-ajJI 
H '(S^ t-AjH 5 U "^'.' j 1 ■ "> djj-aJLl <jLcl <^x>J <j1) (jjj £-S>l J-o-^ 



(jj">-i» .n "I-OJ (j*Li j>J :i)A^JI JjJi dj ^ n I I (jj "-t n (_LoX. dLj-A (j^-J 

LU J-A i*uJ-JI <Ji3 d^a-oJI Ljj-i~o (jl£ La .J^LaJI JUU d^L. ^jJl f^^-iiJI 

_ £»^aJI JJO isLU d^i ^jJI p ■!■•;> II j fiiLU jjn no jJI J^A-oJl f-ij-^S 

<jiLU CijL^ Lo^ji .Lcji^o (jl^ Ijl <Gl j! '^t^\ ii^jjaJI <GiLU Ji 

J-oaJU :Ja*JI P ( _ f ^iJt ,_JI d^a-JI j> hlkll oiSIil tUliJI 

(jl (jjJ «laliJ-a» <£jl>JI ioKJI jjoZ <jj .JiHl ^jJ) P ( _ J -iJI (j^J JLiLlj^U l\S) 
J 0 a ^1 jl) d j nil 6jjLi_oJ1 <5UaJI (jl <<JLaJI 6^-4 ^ '<j-i-»-J Lpl .IlLMj 
.<[ dJj CiJ J jj ^yj^a. Jij LjJLoAJ nil (j^ n n II (j-a (jL^ (<LjlS ^>Jkli 

LuLij^£! IjLij ^-sjj J *i"'J J-a-»-ll <j-o SjliVI (j*s « nJI (jl^ Lojj <^Lxai 

<jl Jjj .<Uij (^>=>. (jjj (j-o 'VlAj (>i.Luj (^jLpJI galoJI .^jL>$£ (jlL^u ^JC 

J 

L|_Luajj LaI lint" ml Llil ^'nj I j-*J «Ji5 J-i J-l <5LLJI Jl n«"> m l LjjJ, lUl (jl^ 

** * 

iSLUI JlHi jl jSjI^^I (j-i jj-i <%j"i't iJ^^LLo i5LU ^jk Sjlj^JI 

V Sjlj^i. SjjLj jjJI (<jJLc Sjl^a. SjLi. ,j_o 



j> i ii -> I Ij fijUa II JaI ^iio II <j j"> -N o <LfllL» <Loj (jl£ .JjJ^aJI J-JLJ JiVi in nil 

j-i tjj£-> J-i <!Mj-o (f.L<JI u A ■» i _ Jjj^»JI a-xj (j-lcl <iUo 4 *ij -s in"i (^j-ll 

(j£. » jjJI J-jj-a (j-a <i(JaJI JJij (£j^> J^J .jfl in'il jjj JjlaJI (j*"i» > jl (j-t t" 

-j^j"** a"i 1 .^jjj^. Q gj frlj itiVI LoJ-lc fi-^g-ut iaLj 

>lajjJ <lj-td^Jj . d j "fc oil jrjl^ oljjJI ^1 I la U". ml 

* ? ** J ^ 

Jjijj jl (ajL-tu d>*-a jjj^ JJaLo jl£ Jaufij £-SJj (^Ul (juj'snll ^1 (LaLaj ljj^ 
<Ujj£ lu jj£LJ1 3£_>aJI .(9-3 J*s itill) (jit nit <i£>a. 6LaJjl tjnii^ dj^JJ 

I \\< ajj <(jljjjJJ j II cjIjS it< jl ' II I ji £_saS <»ilJj (j-o Vajj '<jjLLj 4-iic 
<CjIj a in II oljj <jjj I ">' r I U'i mL Ijlj -J-^Aj ^ j-ij-l i^j-aJI ftj-* JLojLLluI 




< nh'i'i a «LSj_^kj il jUI idjja-S ,t,i -t i <3j_^kji J«"'i*i iiUaJI (jlj <Jjtt ^4-^4 L*- 1 ^ -9-3 J < mi II 



<2UJt jiiS ^ -10-3 JS-JJI 

j^L^JI ^ iii^ II ol j3 j j n-i'i i'tYs ft i 

J^ljJVI) J^ajJI »jlja-J 

S^ 5 ? j 3 * 3 (ijiiVI 
■ ■■'■<'■ £ua .jkta^JI jLLuJI 

thermal ^jl j=J\ jrl^fll li* oljiJI 
.motion 

(J-ua J jj£. J .Clljt mil t(j_> 

-* * 
jLlJI lift jj-a SjLflVt (jjLj-JI <^j> .j uijj *La^VL) Jj^Ij It-in-N LaLljI jJ <JJ .nil 

.SjjIJI (JSL?^ J>^> o j J J^A i> 'J^ 'J^i «^L>^ JI 
jji Ha .(oUjj^JVI j!) oljlLI iJiilJI 4£_>aJL I U\~ Ja*JI tjjij <<UU> J£ 

■ I 0 "1 Ui-\ ft ^ CjljjJJ <LoJa2Lo <K_>^. 

^JUi. j tf ft (j-i j k '> V I Sj_o "iSjIj-aJI jjX. <Jj-i Jj^lJ i^UI La 

Jl J ^ J * 

4-1 jo (j-* 4-\>2 I 'l 1*^ ft") 

o _ . . i 

(j^> V Jj j .^LLuJI * ma II <Kjj=»JJ (JjLS f-j^- V j <<&j^JI I n(j ft< j Vir 

<UiLo <^>sJ Jj^J V <(j alj .J-uajJ> jit La.jL=>- i_j>lujj iSLUI (jLi <<ilJj 

thermal Llj^ W 1 ^-* oljlil L^l j iSuJI i^jlyLAVI i^^aJI ^ o ..<* t 
<lJI LiJ \ys^ V .tsLIJI JUiil ^^L^l ij>sJI ijlj^. t^iJ <i1 .motion 

(jl J^iU iLiSMa iijjia elij ^1 liLlj ^ IIa^J Ijl VI <<(Jlli Sjl>aJI» ^jl J>SJI 




}Ui Sjl^aJI jLu£.l J-»^iVI <ja (<j5ji5aJI ^ij .(jj-^ mllL jl Jj'>»^ J^" <3U=JI 
lj-4 jl £-0 1^ mi II Ijuft Jj-<J J J^a-J V .i-ijlj^a. <Lil_ta Ci <nj I SjljjaJI .1 n iJ V 

o MtjJ 6 jl>=JI .(laii iiol£ <5LLj <l^>a. <uU» JLIa) JUxLluVI jJiLi ^ik^&JI 
yJI SjLi^U iftSiLo iij^ <i ua VI f^j-iJI II* JU j^jU ^a. tiLL 

. (9) thermal motion ^J^JI ^L^JI <SU» 

j-o .Sjl .A ~> I I jj-L3 (-5 A-iij S-^ Sj'j^-I'j J-a*JI <j-»-> t5jj-ll Jj-i-U 0^ 
<ufil j-tit <kiiJ ^ idilJl <SLLJI ( _ r l*i :Sjl >a^ <SLkJI J^M ^ ~ ...I J^-^ <J jo 

t_jji_uaVI (j^> .Lajl?>*il (jit <£. j-^oj (jjjjU I jjl^ j mill e-Lcji (jlj lj_A j^> a -' 
.<jjj-o <Ljj <£jja. j^jj (jl L-ta-J <j5LL1I jV < JaC J^i Lf lc jLflLL rl «■<! IjJa^ 
^ h'mll i_i jixuVI I j-4 *tV pljjd iLjj j^a_j j^lfl <Cit-il jj~. I I jil m a.V li^La-j 

jLaJiVj <>CJI (j>Lll J^Lxj Sfl (fjJ^ «j ^Ua^-VI 

.(1 1-3 J£-iJI) olniu">~ll *I>J (j-S (jj_>5 pLuaJ jj Jj H <jl£ <<JljLaJI 



j£oj i_ <^tj-> i«~ill I ft *>K n 5jl_)jaJI ^ iAij (j^-aJ 1 Sj's (jVI jl t'lVsnjj 

LflUiil <j£aj 4JBLLJI (jt Jl jjl ^jJI Li] ^» j (jt I j^j .<3lLJI kiVn (jl tla. 

Jj-oLiiaJI JLa_a }K jji <iUJ1 <j! —VI • 111 Q.a.uu <J-a£. jl ^jlj-< 

j^JI (jaiSLUI JjLxLJI Jj^'II j Sj ^^iiJI ^1 ...^Vl <^^a. fj\ adynamics 
JjIjIaJI Jj^tJI .thermodynamics uL- 0 ^^^' JL^-o I <<i-L£Jlj 

<C»V <<;ijj$JI 4 > mLa nil ^ iJ^'" 1 ^' <ia*JI <Jaj <SU=JI .Ja*J1j Sjl_>aJI (jjj 

Un\ <2LLJI (jLi I jJ .<jjLs <5 jl^ « Lai <5LLJI <ui (jj^j lSj^- 1 iJ-a. (j^ Lo 

(jl yXaJ (j^-aj V "UV <(j>UI (_j.fi 4'i<nnll ilia. VI LJ lc ^ijji^JI JlaUI (j-o 
jl V .(j^-ll ^ iiLLi! <jJL^a.VI j j II ^lij <LLa gJljj ilij-> > C?>?^ 



<iU= <Ljl^ <3U, «Sjl^ ,LL2 _ pU^VI J \ .jJjL, jJi^JLo U1 (9) 





Cj J ■ J .11-3 J < ,t! II 
Sj j^iJI <-o J *s in II 

S.II1 n II £ j ( -^Vl i i I 

iiLkJI E l j ^. - „,V jkjiUI 
SjxLlI .J^ Ji^i, ^ 
aj^j iaLkJI ^-~M ~" ^^k. 
(j_o Vj — j << a— jj — U — II 



0 I i "u 

^jjJJI C. Maxwell J-jj ..■'sLo d_>M£j t j l _»^LUj>jl> jJa ii* 

* * tf * o * 

(jii i -t II jj_Lt ■ * J ■ <_jl_ij <|t II l II J) I ~» 4 t I n f , \ \ f. 4.2LLJ1 (j-o j-jl 'i » t Ijl " -» n 
.jjioil ,li ml 'in <Gt <<J Jjda. V <Uk ^jJI <4UI jJil Loj jJ^AJ jjl tkj- 1 ^' 

jlyiio (jjJAJ ^jl^ La-»j (J-tj) m^Loj in n ^jjo j^Lol LttJj (^•ill Jljj mil ^_jl 

Ij-A (j! Lua jJLal Lajj :<UJI pLa_uJ I mL a n in I j_A <jV '(j^JI (_j.fi ifiUaJI 

<<ill fO^J ^ "'•»_' "i Ijjk <j_a Jil jj.fi <_,V <<ii-« jldi-oJI 

jl£ jli <<LtLLa-La "LiLLJI CuL£ LUj .(_^fJI J^a-j Jjj-Lo ^tjn l"i Ijjbj 

lit A J (_£ jJI jj4 jloiajl I jjk Jjj*^ ■ ■ ■ ■ a <^jVI S J J^. J-oJI iSLLJI jljjLa « ioSj I 'ijj \ a a i 

jji ^j^jjjJI k-jlj^JI ^(jVI Sj^j-oJI i5LkJI jlja » jji Li I j^Aj .iLual ^JL»JJ 
.4jKII <5lkll jloio 3«J ,_UJ La.lli<> <15 D 'sxi .^sjjl> V liit 



La^ cijJjLLJI UjUUJIIj <JL uoJI Lwlia.i ^jir. gliVi (jl I'm If. <V jl 



jj-o J >?-J <_r* ^ -j»JL*J (j-i LajIj <i>a-=^j (IjI v^rfJ 

dLiflJ II Jj .<L2LLJI ^ JjL* J jj-* (jj^-JI 6^ ^"iTi m"il <a.jja-iJI 

lljlj-6 (9 J — a 11 ^ J_, ,,-i'ilL c5.h-^ Lo£) 4 1"<H 5V if*- 11 aI^: LLo ^ 
^ UaL ^ Ijlj .(E=mc 2 oV) £5LUJ JiA ^ SjUU 111 ^ILJJ 
fj; <>>j <<JjU 4lK 4±£ UiLi <^ ^1 ^j^JI ol^?- 0 J lP^ 

4^-i-C.I J Cx9^ <J '_ ' ^ J <SL-=. II ^ La£ t|> 1 » II ^ LLil 111 .«L1jLa 4jK iiLL 

t^jjl aJLlI jljjl La-Kj IjJ <S ^LluJI jj <iUa J LLj 7> " II .SjLJI 

vjjLaJjJI <2LL Jl til inn <j1 (_jJfc liilj J jjlilil Jjl_>kll .isliaJI Cl .A4Vil 

. (10) <ikj| <5LLJ| JiUi^il Jjjl , v jL^Lll jljjl Laki 111 <LJU, l^i JiliJI 

J jk. J-^ ''II JjJJ d.lalVlH oljjLllI «. Lta l a I lAj LojjjLi <^ \ \ i il II I (j rvl (j ml l m ) J 

* 2 ' f 

I ■ j/nS'i* d Kl ij II d 1 1 .— d i K I I I *.". al U JjLi fl ([ « I I i i j -.l j a I I 



I '» '»< SiiLlj «u_i_i La J» a > Ijjj J-Aj SljK iSLkJI ^JLa a *i t" Jj» <c5_h 

,A jaJI 11a 6Jj-oj Jjaj i i <j>£J-l <jiLlaJI a\ K II iiLLJI ^^Jr. ^<-> II 

^Lj mVI ■■■II *j UIjoJI jjIjJI jl-S IjLfl .^8 J i^iill Jj i^<" 1 JjjjJa-a 

■ °"'a 4 t mi Ijjkj .itLUI ^.lai (j_i~> 4 mil ^^ic. jdLaJI jL^jj lj i^lj ijn'si '1 1 
jJ» tiiJj JJLj La 5i j[ iA<-N*tft aa. <jSj^. isliaj pi ^Jl ^ (j-ltVI j 

Jjt-....oH cdJjj .(12-3 JUtJI) ^Vl LilS L^a I.,-. 1 ,, ^-ijVI 5JLiiil 51 

(jl^ IjI <(_^jj^I j ■ *>- 1 J (^aj J a~ -v n _)-^C- ^jl Jjlj^La jaj (j-^" (j^- 1 'J^^JI 3 .'^ " ^ 
Sj^ i_flji 1 i mm lift j . JjVI Jl j'ij iii 5j^JI (jli <1 Sji iri ^ UIVill >lijLajJI 
<JliU| Ti, ^ oiUVlj LdJ ^<i m"i ^ >aJI iSliaJI j^a JjU jdij Jr-VI Jl 

j^i I^J .^j^JI yJJ Jja. 10 33 x 5.3- ^IjSil „j ^ „r, ^jVI j <_,.,«. Ml ^ ^jUUI isli, ^[ (10) 
\ t ;,.«•■ 5JLS5J1 ollS ^ iLl JU*>U IlU i«J Ckll IjUISUI <lallll iSLUI 



mi ( _ r U. (jP^VI ^-11 S^S wiiii Ujlc ii^j L> ^1 Sjill (>• ol j\ mil) ^j-ij - 12-3 JiAJI 
^1 jjjG ^j^j <(L$*i*ital <tj-co (jji icj^j) i n*! Ji^ ur^-VI j^- - LaUj-oj Ijli -o-ajVI 

:Jaj-^JL> obUyl jlfcj mi I Q i *i« i I - '*"• iJiJ La (jJI Li* a II jl .noil JJ-ijJ ."bLjjiUI ^ Lfjljlil 

Jl«) JjS hi (i II L> oiij ^ (jjJvJI jl fl''.' mi i(yj£JI ^ji SjLoJI j^o jjjjS jji ' -. 'J " i .> ) <Jj2 

,j-o jVK J>a.J jk.it ■ ■ ■■■;) Ij-a. <ijj«-ui "ULiUI C»jt£ Ijlj ijLtj ^jJtVI Ciiii SjS 

' * * ' f reft ~' i £ 

Ji*) ULoi vji jlj £5 <Ijj1 ■■■ <jj£J! 'f^ tjj' <Sj^J'j illiiJI Ijlj 

.(o^yi "x. jj-j oils SjS 



iS^a* <JU. ^ tUJIj intergallactic J>?-aJI o^j pLAaJI ^1 f-k^b 

.ftjl II in" 

^ 1 rnj <LxJli^l ("^J <ljj I iA_l 1 ^— ili j *ij .1 1 ("j^^JI 

jJl jjJI J^jj Q^jilj <jLi ^JLaJI jj-i a,1 II ill J j'i "i in n II ^j-S j^J-ic I 'i 'i*\ nj j 
j ~>j-> in II CiUiVI <Cj^u ( _ r LcVI j-»-'> 5jS <Ujiu Ijjfc j .jL^iVI J nuJI 



<<L>j i i/i d * al ^ II I j j Si la (jLs <l j " II i"i Jjl-Lj £-jL=>.j t(_^<3jVI (jx, iLili 

SjjjLLa i2)Lla£ I4J ,j1 /<! Ua-v a tpalUll Jjj^ i_u iiijj ■ <1 j 4 1 /i «Lj K II Lj isllii 

Ila 1 ji-ua Ifi! JJ V 6j£U 4jKII <5lkll ^Li <<laKJIj <C£ ^aJI ^'."alL-ll £y> 

<j4 (S J J-> £J-aJJ»-oJI <ti\ iAVI Ciljj*il "1 ILj Sdia-o J-^ljX 6 j-A .tiJI 

<^K!I iaUaJI liA <(8 J 4 II ^Jiil) <Ls_ujjj J}U. (jjUl £ jLlu^ 

* _ ^ s ■£ ' 

j4 ./-ill <Ljl i, in (^iJ^J -lii <<5jiaJ| ^ j .j a 1/1 II ^,-a jjjl ^jJI IjLi. <jj>5 ui^J-! 

ale <jj^JI Jjjj <lll u^j ♦JL^-" >* 'j-* uh^ '•Hj • K' '^ILj 

* c » * 

<2j-o uj^-ll ^j-S <-SLLaJI <J-« Sjjj£ jajLLo <Laj (jL J I irinll il-i'tVI ! .ti'i.ij 
{Sj\j^J\ g-ft,^^ SjLoJLi) J^.lj mm <LsLklJ iljj-aJI C)Lo!iL»JI ^_>j 

<i3U=J1 j^l Ijjt .(JfljUl) c5^VI LjJl^L bLUt JjkL^Li L£l «( f ^UJ 

• ujLaA^U SjjUI <1oLajJI 6 OA <JJ^1\ ^j-aJ ^Hl (<_iKII <5Lkll V 

<i1 jJjj ^jJI jjjjUJI jJkj tiSLUI ~> 'tV j .jik.T <La.j iliJLi <-»i=i J^J 

^oji) j-afJI) j^ajl j^JI ->lj •>!<_■ a II a .-.Ul '.V. ...1 •.*•.- ,,.^1 ^ LaLaj JLk 

HjiKjJI Sj /><; II <^>»JI oULAlSVI j^.U .jil ^kJI ^> I'. mi'.L UiiS 
diH Sjla^ L^i L|J jj^, J <J5LLJI $ jJk (7 J ,/iill) ^Lil ^Jl 

UJaj .joVI ^1 L^jL^j ^ '^LS_JI tsLUI LfjJ J^l ^ ^1 Lis 5JUJI 

<SjOa-e <SUa <ill«j ^ ' Jlj^JI JJJ-^ J ^a- J <J C^jJI <(*.»'"•? ^ '(^"'j^l >flj*iKj«ll 
jtJLai J ^J>J V <(>o^JI J-aVI Sj J < /i« y lh~> I (jij 

CiVI f-l m'll ^jl^aVLj jdA-l L«->JJ .Sjjj i<~iILi <Ja^a-La " I <Q5|_L ^Li jJ-J 

IdJj J$ OAJ IjJ Ij-el >a*J iajljJI 4^ j^JJ 



4 J^iJI 




^1 ijj^a. ^ i_ n i n I I La :jJb ^(j^-w i » <^->lo u i f i t j jJs JlJ-tu £ 

- 0 J - * - "»■■■■ 

sL filaLxi iJl^ul <Iia>JI <k -VI <j1 Lk^ j^kj Lo LJli. SjlS 1 04.0 

JJLiu J 'SJJ^- iaJLa-o ^JLvj lJ 2i\ <LjJ»Ua ia.jL.JI <4fijn-»ll 4 1*1 inVI Jjl 

jl (^jj-uj LvjV «&Li^jJo J^J-w Jjt (_j.fi I « Ua ^uoj Ij^sj .» I1 1 1I (j-o 1—1 1 i II £-fij-° 

.jJLxJI ^ jialU <*ilaJI SjLLI J^IS « j ° ^Jl Ujj5j <ul j^. (jic Jj II <Jjl ■> o 

■X>J-fi iji-o <<Lxo^ajJI I i'll_i-> ^j^aJj ( _ f jJI 4 In J in ill Jjlj^VI J-i^ajjj-ujj 

* ... * 

I 'i*ilj-» jj-S 5 "II ilj-=k.VI |t h * n I IjJ 111 fi"l t<t "t I mi II S fill (j-o <— >j£ 

.CjjjJIj <j)n'illj <SjVjJl^ <<Lta^jJI 

^-L«JI JLw> ^ jJj j j » " II (J-^»Lj jIjlLoJI Llllj^u (jx. J j^JI ^1 
(5 jJI j .thermodynamics (^J j^JI >iLj II) i±iJ_l>j j_o _>iJI ^ « 

SjjjJI 1— 1 1 U~\ <jl ij* 1 ill (jV < 44^.1 jj ^ill CjLjj t lqJI (jAau jI^j V j>Jr. <jj 

.The two cultures ^LiSI (1) 



J-Sj (jJl £j\£j -v ft It j-°>» .<JjLi-Ljl -> ft II oLJLxi ^jVi^ ?*i j <<Jj_ua1 

JiUlj .cJujJI (> Vjj tbjJIj <iitkijl <> Vjj SjjSJI JlaS L^l .(1-4 Ji-SJI) 

ilia-VI j ft n I I *> ft fl ftj iS^Lc c^-C j_aJI jj4 i<~JIj n^ll j jj jVI J J > 1 igi ,11 




<5>> Lib* 

JjJ^aJI ^jj-> jl -» > II d j -■>, a 1 1 JjjjaJl ^1 J i/i 'i Lojjj & .1 iAijI I j-A Jt <*> m Lj-A j 
lj| <j1 lif-J ^ '* » *' j j i ~\ II I i-J I Jj*i (j-Lt J "*» ■> ' LjjLfi <<GLjj£L« 

<la .a-v" i ,^a~ LlLaLsJjj < Jjja-aJI <jlB j <(5jl ~> ill dij-> nil j-Aj^. ^^Ic Ijj 

oj^o <|> -*> in II J OfJ>JI Cjl^LiJ <J^lj i ii ,11 1 (j '» o ij m" < _ $ -ZLJI )LjVI t jLi-jJI _ 

^jJl J_uojjj LliLi - <_JjJ_aJI jj.nl in nil f^LnJI .All ( Cil ■» j ■» i II J Cj\ ui \ in > II 



j-a (j<^i \-\~\ ml JO 9 <jt 1 ; II I j*S A .lilaJ^VI ^ J ft 7> 4 I 111 1 iii ,_j-l-C- j llr» jj ^jj in 

<il.ia.yi ,Jj> «LaJ — II j>.l uiSVI < jcLii ^'m tj .|JL«JJ LoLt La^i i.ud Llil 

J 11 I ^ ^ jV, ,i, j .<lLLIj jjJI (£>ll £ U mil ^j'i \ LiiLi <j>JLt ^ '>_> « » 
■jj AaJI aia ,-uV> ^jU-aJI dja^JI j-jj ^jJU ilja.VI aia. <jc. illjL 



4 K in n aj-Aj .jjj-jxajl (jji" -J^Lfc? LT* ^Jjj j-^J <J-^ »-xuljJI (JjiH 
<j i/i » II dJj JL=dl jL£ Ldj ^jjlSi j>J-LC <J (£.111 ti'hol'ijj j^jjjJL 1 1 " 

V <(j ' '" '"'I aJI pLlxLuiLi <4j1j <^ u~>l.<ill (j-o g^j) i«ij-o i J ' "I * ■ 1 j "j" II j1 (jiij Ljjj 

i G n" d *j -j" II jjia- (j^J .j-iJ^J1 jaJLsJJ (j^LiJI o 4 i Soaiaj <Li^Lc dl I aj 

<|j ioLt-n <iijJoj dL al IjJ j^jjJI jj mi* Ljjjl Ijlj <JjJ> Jl a JLv J I <Lijj liinr 

■ <UaiaJI £jjill f k« ft ^1 Jj-taTi <CL* ■ m,j jl Jjli LuLi 

<j nif ^ i ill ."ill (j_>£-ll ^->J^J 4^j_> ftlxo j Ltl m < < _ f i^t ^^-uajj '() liu-aJI <jjjJj 
(5jLlli _ <jjjVI .jjj.La.ljJI frLoJjdl (j^> Jj^C- I (J Ui m ^ylfi j S U j I 

eiJjjj <(j \ I ^ jjjJ) W. Thomson l j J ^u^jJ a ^LjJj <S. Carnot j-iJ-S 
oLal o ,„t Ij-ali _ L. Boltzmann jLajiJ^j d^JjjJ <R. Clausius ^u^jj^LS 

jjJJ hi •{$J< ~* 'II dj-> oil jJSjji. (jLuajTull ^ic OJf I tiylij j j) i ti fi 

La^ dJj j i^ijjLlI IIa *_jJ5 ^ tjojj ^ j4i-« <<LaJ&jLll entropy «Lujjijyi)) 

■ jJau <4^?-j (ji> Soil Ijjk <aJLa-o Ji5 j <frLaUJI fr^jJa alj 

d*lLL.y l>j Jlnj ^ _>LLaJI d^JI jLS < j_i.t ^Llll jjUl Jil J 

* * * * * 



ijjU^JI L^;l^j^_o o j .vmM ^^jJI <Ij"iK'i1 (jl <j \ U j'j-aJI Sj>i-ll j'tr. ^L±ii 

Ci^jO in" jjx.j 3jjLL-l1I ot_>lsLLll JLojLLujI £\j-ujJ (J ip'iVI <JuLjiJ ^1 

j m* Vi <jjU_JI cK,>3-<dl a-ia ojl^ .c-laitVI (ji*. Sl>?JI j ^Ls^JI j «^llj)fl Jij 

JLjJLJI j-lc. viLlj (J^ «_jjljj (jj_t m'lj-flJI J^jx. CajL^ .(jLo jJI (j_« aj -» \ jl (j>iLj 
Ijlc ^ ( j "ij qi jxJX. 1. 1 1 mj J i K *iV I ^ j 1 4" (j-C. (jjj_^.Lc jSk^-il Ij-JJ c^(jitaLaJI j-^-j) 
4 j II » « 3^3"*-' J-* "iJ'ijj oil <jJ| i SjflJ Lo (jL£ 'CgJ"> a II II ^^-Lc Jj k-i^. II 

(jL^ J_A «(^_H -J-fii f> a 4 i (J-o-t ^y-l^ Jj) a II <* J » > <(^jLa-_JI dlj -> n II 

JLsLAJI jjl^ Jj> Sf-I ^Jl Jl <mm ml (jl^ <d £1 <dJjJ <L-uj j J^Ait p-LJI JUjLLujI 

^ijUi jy^yi jjUiJ £^Ji &Lkjii j^jik. 

>_i a-Ti CijL^ ^ " II Sj > \ "\ n II i II j-i-C «. In Hi Ic-j-j-o (jl jj& vliJ^a. Lo 

J^JSI .1796 r U ^jl^ ^jLIu l^kl llj .^lSJ-^JI ili— VI JL^VI 

Lo^JjJjLa a <( j-uJI (£j_JLus LjLo jl Si j ^ II I n ( j J jjJ - «££jt_uj» 

(^Mlllj i^ujLJI Jjj LJj J^jj IjJjUL ^Li^al 

<jil^ < J jtf Ol-ijI (jr. J5j ^jJLJIj (I (} .tiLc ^^ill SioJI ojl^ oii <Sjj CjjL^ 

jj* j-a* Sjja (j^J t^jLLjJI dj ~» nil jj-i I ml ujI I p > U ^ jj jLS (jl£ 

pj^j ^L*. o j-fii Lpl <^.jJ <_,4 ^J^c tjjjLkjJI d^j^JI 

<df j_o <6jHsV ^ I . ^ .Vl <£ j-^ci (j-i JSVI ^^-L) ^ jLS (>>l aU .. . I M. VI "Lofi 

L»llLl5 ^jlll j «illjjl SJjLlu Cul^ yUl S^lalJI (j^-V CJj ^ ojKil jlc. 

'^J-i lt'I -J^- l>° J^-^ SjIjjJI (jl ,_j-4j <3 J-^aiJI ^ 

^ * ' i _ u * .1 , * 

jjltl jij .c-LoJI ^Jlj ja£.l^lll jjJj I a IS a <l^^a^a jjJj j5 <<IjI II J^Lkj 



J- 1> # 

<L»jLo SjI jjaJI l-lj mi <j] _ d2 jJI Al j ^ S jjLuJI jl^iUJ Lis j I _ 

laJ uaJI (_>-* tl**' J****' "' » l>AA J (SjjLJI <£. jJljJI J jLaJI ^ II Sjlj^a. CjLa.jJj 

iajj 1.1ft .^lia^M jOS SjjL SjjLJI <X. jJLJI tjj& $ .-i->JJ (jjliayl 

.£^loja!I !*'([ j iiMx. <l* in^» vjIjjJlLqJI 

<4-ujJIj (jjjj^JJ iilLL-JI ^JilnJI (jjili_> ^L*VI clli j mu*i v « 

jLiiJ ££j-a aJI Sjill ^^-fi O^LoG (jlj)*'* 1 j ti i«-ill ^JJjl^ ^_>Lj^ (_jLi j»j <j-°J (*< Q lAi 111 

<_5^£j <L>jji£. 1 ^ jJ Reflections sur la puissance motrice du feu (1824) 

iaJiaJI jKiVI ^j.'"' CT^' <*f-SjJ' J-LaJU .LLaj ^^ujj t^lj mill <_j_4|L£ ^ 

<(1 907-1 824) oj^oji. f Uj 
<j;klll LLL^J ^ J. Joule 

JL£_i! (jj> Jii I (j Lua s jl>^»JI i_i>c j <caloric theory Sl om ft II OjI^jsJI 

<4Uij^>\o <5jljjJI (^jJj <<ILLJI fj\ i-S^Aj ^1 j .^iI * nil ^JLsiJI Jj^ JJ j3j .<5UaJI 
.(jAa > j^yJI I nfl nit > J ■ j ^ ' t jS-a-i (ifiUaJJ J^jj ([ Iri o I n () 'ij's I <J-cJlJI j SjljjiJI 

JU^JI j«_uii! <Jjo-« j^tt caloric (^jl^aJI jjLJI) dLjjjJKJI jiaj « j o » » ^1 

<Lluuj Lo 1j i a Ij-A JJaJ j .J-oX- ^1 Sjlj^aJI J^o <jU=JI i'I l~i J'J^"' 

<J-ox ^1 i J ^aJI Jjjj^J ol j\ a t» "< <heat engines ^>J1 ol^ j^. nil 

Cil^j ~> n j <<^>l j't II CjL^j ~> n II j t^-ijl ~> i II C)l i n II J f<-ijl A. i II ol^j -s n II « j 

(Thot *j' >aJI (^jia-jj (jjJ J^J«J _ j,\ i/iflll SjI _>a» ^yJI j ^ > n II JajJI <j m't _ J-olS iiJ_>^_a <LJL*j (2) 
•Thot / T co ld "1 isj-^ <|j-»Ll;Jj->_AJI 4jl>aJI (ji'Liaj JjtU Sjl>aJI u^Uj <T co | d J 



ol£>a-JI <jJL*ij ^LoIaVI LS lc <jlK j£jJI iJjLlJI jiJZ ililjS (_)^>a. 

j£ AjL^-il ^yjl J^lap J-O^ '<!*-*^ fr^"^ (i- 0 ^ Af-^JJ <<j_>LkjJI 

* £ S * 

ji.jLua 1 i i«-iL>j L»j I i ii? d lin) j lia-l •■■■H . .1 ... ^ II ^Xc Jl ft*" ml Jjj^jJa 

(^jLL_t d j -> n <-o J i, < n i. j 5*1 Lijl jj I 't n\ ijt K a.1 j i n [ a d a I 

I *i I La-"j dlj ft 1 1 £_>j_cu j^^ °' ^LlSJ) (jj .j itif ^ i nl "ill (j>SU ^^.jj^u 

«GV <J j ^ oil *L» ml I.. VI <_t£ j_JI jjk <lil jL-lu] tj-i* J- ■< - II <jl LajLLs ?^ j v. 

J-aX. jXJ (j^oj <<5>j^. ^jJI Lgj-o I o iii« Jjo^jj £3U»JI iJ^J jl j T> H 

jji reservoir jim aII J~ I a " Laj_> 'ci^-^l iPsfj-^j .(2-4 J< mi II) 
(j^K <jl jjj .Jac ^1 LfLj)-." isj*-* <iU=JI j-^-o <jV <«fj ml inVI <_»£jaJ1 

* at * * * o * 

dj-> ft I «tj ml mVI <x£j-aJI (jLi i-jju^ja pLuijIj I nj n i«->*i yLllajj j <La.j_tA j (jjTLa^-a 

•*4^-J J*JJ .5jL=JI oLilll l^i ^ill _ SjjUJI it^JUl ^ ^jUj 

<lal 111 u <jl jl A m'lj jl n ft uaJ (jl j ^ ml «nVl |> 1 11 9 II (jl jJjj V <iiA _>ial)l 

tot" ' D ' * 

<j| jl :<ijjUI ^ig-j fJjJI J-^ol jj La L^-lLtj .Cn .ti'il ^^iJI J-laill U o 

jS j .SjUti^. <4^ (j^> jJ uau c- j 1A1 g AjjS <Jt 1 11 ft 6jLjl jjfjJo (jc j».LoVI ^JJ j^JiJ 




^ £_,pJI .2-4 j-S-iJi 

»■'-"■• *■ ■■■ (^jJI J-4 pi U In ^ « II 
Jj\ rt*l I 



i t ' ' i * 

<2Uai\ <j-o jf * ■■■* jLi. 

.3 jl_>aJI «*uLijii 



A. S- Gyorgy ^jj^ 

>- ; " ,jl JL? jl j^lj VJ U_, ^Ljl i ^ill bSJb j> (1986-1893) 

•J 1 j< 4_> ( _ r LiLaJI .iii^LJl c^uliJI J£ 6lj La <Ljj ,_Jx 

^^_hJI jjlU yJI olK £UJ £ o j »Li Jl iiLLiVI 11a jli 

LLLSJI cjI^ "'I J£J : jJh WJI .4 tjjUII LaU 1jj-a 6 jLii^L SjjLJ jJLJJ 
<^jj-o ^ <jil£ JLxj> jJ . <3> (3-4 J< ,t. II) 5j jL it jJL viable j}jjU"tll 

^1 --■ ,JJ jja. OjJao IjL .«U jl jljl Lo j-A j^a. I 0 '>*S I ( U \ IL Cil n K II 
<Lc.jJLJI CiJjljj Ijli .SjjL 4x. jJL ftjjiaj d>a-o J$J ^jI OJ^.j <^jLkj dj-^-o 
4-SLkJI j J X jl5 J-=»-^J Jl^ Lo 4_i1 £_a <i_U-*-ll (j^ dj n II i_LijJ SjjLJI 

-y I o "> inn <j| inVI ^-S I m ^ n <Loj J)' ^""J 'J^aJI g-^J j)" lu n I I ^S. jlj" 0 

(j-ij <*ij ^ a ll i_iSjj LkeliJI (j| jl <<Ljj_^juo SjjLJI itjJLJI .^j j" >m n IL I U r>j-a 

Sjlj^sJI Jj^J (_yjJI Cil^j -> n II (j-o jA.T ^jl ^jifi Ijj nil J^ajJ&J (j^-a-J <4jjjJLaJI 

Cil^j n II j (LuIjL-lu £_SJj (^jJI ( '^_L^.ljJI (jljl^VI Cit^j-a-o 1 j u i A (j-°J (_yJ[ 
SjjLJI 4X. >IL-II i-ij^>AJ i-H i>-»ll Jj-a -J II ^ ^ !->."> ol^jliaJI J« -s"< ^^jJI <jUjJI 
Jjojj isLLJI (jiall ^J^ij J tlaJj (j^J 'I ' jj^I Lr A ^jjl "-Ijjj aJllI oj^-i 

jj< j" || ^-Lklj (jlj" ^>l d^>-a_o I 'i n mi t^LjjLi .itjJLJI J J-a. J <j-o-aI 

— — * - 

itjJL L^L^sjj exhaust valves and manifold ^jIjjJI qU ^ ua j c,\Yi An 

dlj ~> n Jj_a.j_i i al^JLc^U j i A oj Jjl J -k *i L>-Aj 5 j ) (j a II Sjlj^JI ~il a I A, ^ I 

<4j ml mVI <jSj^JI (2)1 lillj <<Jjlj^»JI Cil^j -> n II (^j-o ^ jj J^klj L^^jlaJ a ' 

«^ajJI <LajjjJI SjljjaJI ^_>L jjk j i*g ml mVI JjtaJI (Jj «5jjLJI <Lt >ILJI (_j-*j 

j, „ " jl * 

°~ J i A * I I (j^-J (jl (j *^ *~> J-A i^ •CiL^^, -> , o I I a j-A (j-a ^ (2)ljj^a.jj> 

6 j-A <_yLL±j Lf lc 4jt~\ s n ( Lf lL\si\ ^Ijia.Vl oL$^a_o (j-° ^ftfl ( _ f jJI lija II 

SSj^aJI ^jLJI 



JaUolal ^ Sjoa. jJI ?t>j"i'iII l+oi (jjil CyCliC jjtU iiiat J J-?-J <ji-J V :JLS 'y^itt <i j (3) 




<jlK -3-4 jiiU 



<JX. j j a-n ^xi. JjjjliJI I jjk .i'Ij nl 'ijj j-o_>lJI ^-ic ^ (j-jULJI JjjjLLlI CjIjLlC J^l 

6j_iiiLx« 4 m^LL Jiaj jjjjLa i^.lnf (jjjLSJ 4 _i -^.j j ft 'i 11 4 ij i nil <i J)Li <<ia.jjJI 

Jljj (j-o J^u ml Lojj A ij mil jjj-'^'JI ' J-Jj-a-lil (jl^-»| <-oi« :<jj-Ti~iI1 

<jl .La ,\-> j-ll 5 J vi a (J^jLsJI ixJ j 1 mi j, i i"i <l i A il A i i ml) «>J^_ij •Jjf-'^ ■-ifll^-e 
<jj|j^jJ| pt^j ^ o || <LjjJ Lajjij jVI (_j.lt 4jjIj^JI cA£j "> ft 11 Lua^Li. 
^U-tj ^^jjUJI ^ jAjj V j_^J .OAa.j (jl <(_>ajVI £ CjIjjI^ JjJ (j-o 4j*i.i ni l 
<jl£=JI £Jj tjj .nlL dale ^il . p^j-i J5» j ^jjiJI j SLxaJI <j n imj £-"jlj jljJ-oLi 

.6j n 1 1 im 

SjL^-c <o-^ .4-4 j < m « 
jj-iLaJJ Clausius j_jjj5L£ 

<JgUaJl jl <_U^^ LiiLLl 




dldil u £ Lo^i R.CIausius (1888-1822) 

5JiU 4_a_u. ^^jjMS ik^.V j-Ll .Uber die bewegende kraft der Warme 

4 laa ^1 a II j ■"*« I <lxa Ij-Aj <4j (j-oj-» La-> J \ 7- ' ("J^ 6 - CjI < i'II" n 1 <jl^J ' j » ' liouU 
a ma (j-o •■■*■" V Sjlj^JI jl biiJ :<LxjLuj ^jj^Ll l^itj Ujj ^1 SJllJI 

<j^i (j -N ml <.< 7 > ^jJI JjL 

4-L-uj-y" II <jLjdLoJI I LJLa <■'.! in ttJJ 111 <ilLlj .5j I 1*% II (_£jJjJJ I » o*C Ijj^ l i«-i"ll 

.<1m jjJI sL^aJI jLaJi j_2l jJI ^ j> m'lj <ul ^jj-ujj .jj^jLiil empirical 
jj-o Sjlj^JI Jl a" ~'l ^ ?i «j V t j^jUJI ,j1 ^1 SjLiyi ^ LlI V <»±lj Jji-iJj 
^ jJI LoiSJI <««->-. U <<«_."«-> 11 ,11* :SjUJI ^1 SjjUl f Lu^VI 

(j-jJI <-i 4 U ' a n II 4 j U i n II ^j-i £— I 4 Kj A ^- jLL ^jJI Sjlj-n. 

(jl : J- a - 5 V f-^-" I'tjlf <jj_>jj-1I ( _ r lc J i<-»~>'< ^ <j1 (_j.fi Ha iLilll ml 

3;t~''" j . J-ojJI ^1 jI>aJI jia_i ^Ljo'sII jLliJ Jjj-^j M ^"m j'jj-JI uj^f 
<JK .mVI J^_i fjLi L^ai Jjkalll ^gj-^ j V <ul ( _ y lc. o^^jjM^ <ika.iLo 

(jl (jjJ tt), \t~ olj-L*J <((<b^i»JI)) jl <(<jA_t^ira.ll)) C)lj li'llLi (jU"» ,_jxi^jjjjilS 

(^yjliJj < nil Sjlj^. ^1 V J-uaj <J-ijjjJLs I ji&j . ( _ J ja.jLk J-oLt L^jlAJj 

(j-o (jV <4j"il 4 l"i ili mj I La-t -> n II Sjlj^. 4^.jJ jjLaJLj <^jJ ,_jJI (j_>-> in">ll (jiJ 
(_^i-a_t (j j-^ . u"ll jL^a. (^ ^Lj^ jLj JLi-jL <iLL» <dJjj) L^-«jj ^jjj-uaJI 
jjljJai] f.^ ]n \ || jjijjJLs :^j__^uJD Cil'ijft iA~> ((^lillil)) J^». V ^iadl _j-Sj ^> '"^ II 
^yi ^1 a 1"i 1 1 .<Liijj jUI t" Jjljlj (jl^ jj ^"i^ t^UTi jiLa Jj-ojJ (j-o dL a ui 

.((JJj-Loil)) Jali (((jJUjlai!)) (jj ^ i Ai"l ^ U II 

jjjji^ <k^.iLo (jJ! i_>_>5l »jl^- .iiLuaVI S jLi« ,11 i'l i ui ji>'i (jaj (^l-"^' ur* 1-°^ (4) 

_>A.T jjJl j_jL j> ,„■* ^ iiLkJI Ji; Sjj^. jJI I {jj&i cyclic <jiL». 4jlnr i. ja^. (j'C «j V 

J 



<(jjjL>VI j-j-i ,_j-a JLaJ) jjk La£ j .ji j ftl a <JJ Amazon jjjL<>1 dL-oUjj j_o 

«GV <Likio jllfiliLo ^jjj^iJI La^jjilj ""jtiTi II (jjj .jKiVI (jitij <jj 

d>*-aJ (j'v n\ j «jLaJI (_JI JjLjJI {y> IjMfll" Sjl_>aJI J^ijJJ (jl (j^- a - J I Ijl 

(jSLoji <SjjL <£. jJL (jj^ J-»*JI ^j^-* fc-^-Ji ^li ^-^ILi ^jjj J-ojl!I 

.jUJI (_JI JjLJI (>o LjjLUj JijJJ (jl Sjl_>aJJ jjdk. 

i <<£. jJL <J (j.. A < j^-l ^ lAl^lil dj^-o J i ■» mi* 1 <c jJL V L_ualjlil 

(jJLila 6 jl ^"^.jj (jl jJb ^j&j^jA\ (jij A^a-jJI jj-iH • (5"4 J£«uJl) j,.i.Mj5>f 
La£j .£jix<dl dl ^-a Jl Jitul £ j_ua j-o £_flljjl dj n II (jlj ^I'lil".^ o I o^'iSUo 

{y> <iLLJI Jii j-4 ^La^VI ^j^" jlil <jiLoJI "-sj"'ill (jLi < J£-i!1 11a ^ 

SjU«J JA3 I "i ft liAj 'Sjl^s. ^jltVI t^JI yJI Sjl^a. ^J^l 

dj^l J^jj^ Zj-**- «<lLsLL j^lK SjLx. CijL^ Ijl 111 .^jjl-UI ^>jLill 




jjJI tjj >j .5-4 J-S_udl 

jlK 5jU Ijl Oi (csjixJI) 

d j ■> n II .1 iAjI <j-!oLi. j>jjjil£ 
ijj -> o Jl J » A-lJ * ia j A jt Mi I II ^-fl 

u-J-c^l" £. J J "' " ' * 1 1 ST* U- 1 ^ 
(j-a) 4 j il ^ II ? ? _i ' 'i It .«» _,l 

iy* »_)lj^»JI JjJ^J (J^ujVI 

^jj" iii ft II ^jJ^ H^^kLtuJI)) i no II 



^1 SjjjJL Lu^UJI SJj^JI jsj IjjJlc .ic jJL ^ 4 -ViLLlI S jl 

<_S_)_)Ja_l ■ 1 a I (jl (j's n i LaJ ^yj j-t jj^l^ S J l-i *» I (jA i\ \ ti I j-A J <(j ->l m II ^ > *> a II 

,> Sj)>aJI j-A ^U^Vl v^>^ <fJl^JI II .(6-4 J£-£JI) 4j»J.>U 

}Lfi j»j (j-oj <SjjL±JI <Lc.jJLi-ll fjljJi. ($\ S±j (jjJ <J-oX. ^1 j '* ! mi l J '> n II 

<j] ^j-^l-^* ~j a K SjLuJ (jAt.1 *i n ^l"i't" iciVl Ij-Aj .<illj-A 1-AJjja.^jJ 

■ JXA (jjiliU a l"»\iK<i jl^jtie. Lafi[ jl 

s 

!! . . " ' " " 

S jl \ « II aj_4 jx. uLiujJI ._s im*s \j jj '.loll Ijjj^»_j j'i'sl <5»L^.lj SjLuul <,.! 

<ljjj^j jjjj) Sj'n infill 

(jLi 'J usaI! Ij-A " * * j ^ 'I £j! uu Cilj-o Si^c Llitj Lo^j .(gjl ■> Jl <J^a aJl 

e 

jjjLjj ^ I x II JLa-a j-o Jjjj <LiV < ^ U II 5 jJ ^>-4j^. j-4 Jjj -s " II ^1 Jl -> "ij*^ I 



: : 




II 




jill I j-A ^aaj .6-4 JiuJI 



jLs fr i laLa. jj-jUiJI ljj-j 



.1 uo-ll <CiaLi. (jj^J J>^J^ 6jLlC 
gilj (^1 mil l (j-i) Jj a , ^ I I jl 

i-i ,SlJ .SjjUII jJUII 

6 jj llf.ll 4jl_^aJI lilt Jill LAjI 

H oJ^J t?^' cr*! 

eLiJLlI ((jj n_i II i j ol II 

.SjjLJI ic>lLJI ^1 L=A-aJI 



5Jj| jixJI uijSjJI <LuJ| isLLJI jL ^Jji ■ 3 J ..tall ^ Lijlj 

lt* Jj^' ojjLaJI .iSLkJI iiLLaJl jl>Sl jjlj I _» liar <J^JLo cjjLzs frLj^iU 

£_a LuJ ?K ■t.ft V .<ljlS (jj£J1 <3lL> Jl 6JaStLi ialKWI Ij^-. cL- 0 ^ >° 
JJjJI Jnflj LjjaJj ,j1 yj"'"'.'"^ I ft 1* ft <j^J -J ,^4 II Ijjk jjjjliJI lift 

* j # * * 

(j-S JJJJ 4^>> U-?"J '- U M iSllaU jLi <LpLoj£i (jllI olaJaJI Sjja. 

LujjJljy I (c-*J <i£jlj_o ,1a. 4aj^Uj ft II iiUaJI S-Sj-a. ■ I fl ">_> II •» 9 

uj \ in I '■••<! .elusive «<i.jlj_o» 4 »K LIa Lf lj\ j-oj .entropy 

<GLjjLa_o jj-S (jn-v <t< ^"1 a iti ^JJ (j-o ^J-a-J <-lLLJI <jj^ of ?<-iUaJI 

~ ' a 1 a H I 0 '1*^ a ^^J LujjiiVI ^ ■ 'LujjUjVI |k-u>Li 4 l-i Tij-aJI <Jj)* m-iII 

. <xojjJI CjLlujLo-oJI 

<Lu jjjjVI Cj iAjj> il I ft K <Gl ^ ') 1 ft > iiiUaJI 6J J^-l ^liLjlS ft ( j-A Li-lJjJ-jyi 
( Jio _ <Llic j iiijji J a i j U i <jj^»_o <GiUa jJI <j> mi's II (jl .aJ ^_»^JI Cijljjl 

^jj| «■ (I La] ■ <i i A 4 -~> 'i ft Lxjjjiil - hi ft II <jJLc <l r>*\ a ^jJ i.i'i^ II ujjjJ 

< .,ij< ft II ■ ■'< II Jla _ ChaOtiC ?\ ml ^-ij <i-aj^Lo _>j2 <ijj_L_> ili jjik-o <OiLL 
^j-a I ' •"' ' J Luj^jj^l «j ([ ° a J-iJ 4-JLc Lljj^jljI <lls _ Ltjlj) inf 

(jjjLLU <Gjli£. jj^^Ioj jlj 1 1 1 1856 |».Lc R. Clausius t^jjjj^ ^_sJjjj Jli 

LJ J[ ilLLII J t" i" La,r t f ■*■.,> -wj ill Ljjjljyi ^jj jl*J-ll t-fiJ^JLJ-i L^o^iS . ( _ J _iLjJI 

* * (5) 

.an. ,0 ' oj i^jl< r ibs 



iSLkJI JUliV yjk SJ^JI J 3 J-^OJI L«b (5) 



ijja. J£«i i^lc £jj>J/ <2LUI 



< n\j <<ijj»JI Sjljja. ia-jjj Sjljja. (_]^_<i jjlc il'ul o isliaj I n m-\ Ijj jj I jl I jjJk j 

absolute jiL^JI ^1 _> a o 1L ^ (^j^-JI) ^LLJI ^ I p II ml ml ^pJI 
dliLa IjJ <dlkir^o j ui"u"\ 5j>i. oJjj cuts <<iA=JI 61a djf-l_>5 alt j .(scale 

(_>itij Sjljja. mi <iUeJI <j-a j j n*^ II aj-^-J OJjj IjLj }^ <CL>-ijj2$ -ijjj 

ojjLc. Ij|j .jjjI jj^e Ljj^liVI ^ jjAIJI (jLi <(J ^Lk! Sjl^a. <e-j>iJ (» I I 

(jj£» ((SjIja J^-«i Sjjj-aJI iSLkJI)) jLi <Sj1_u». JSLii ( _ S -Lc I n iii-^ iBLkJI 

* 

tl i~~ j\ i ii ~> II Lu jj " \\ (jl (_^l .1 i II hi LujjJLiVI u£ j i i " II (jjij II! << i II in 
jl h t V .6 J (j S II (j-o i_i j£ JJjJJ Ji-o <Sjlj-a. J*S ni (_jJ- c - 4-3 LLa ^ I iai LaJ 'i r 
iJjilo i5LLi V 'SjIjj*. J< mi (jit <JjllaJI <3LkJlj JJ->j IjjjjjjVI (j-S jlijJI 

.lp iA^Ai \ V j LujjIjI jJjj V 4 nia'i J-<uJI j . Jjic JjL£ ,-Lc 

La (_gj'i iii t< II LjjjjjjVI La till jjjl ^ jl"> mil jtlil (jl Jj-Sj 

oU .(_ju jjjjM^ j (jlK I (jjjJJI (j-ij jjLaJI }L*-i jjL jj j (j 4 n II (jLS 131 

(jl JjilL Jj^.1 j i_ ti i n Ci->" (jjjjjLaJI }l£ el jj| (j *s n n JI (ja (jl (jxijjjj^l^ jjlSI 

(jl» LJji JjLG ^1 <( jlK SjLt (j-a Vjt jJiU . (7) <lJI (j^SL^ V L^jjiiVI 

<JVoJ I j 'if >^S? Ladle JJjj <«<L5LlaJI (_K»jlj Ojli Ijl VI J-o-Xj (jj .'Kj ^ /» 
JS^ Jm"i mm LSjja-a Ljx.jJLi.1 LljLj (j-tJj LajI (__^aj~ 8 *i I .Lijjjjjyi jj-S plj \ 'r"\ II 
: Lr L La (j^jjjjj^ JjAj-^" l>dk. .6JjL> <£-jJL> jrllaj Vj Sjlj^sJI 

■ Ci iAti 'il ^Jj"i iii n II Llj jjjjl jLi IjJ ijLaJI ^ \ \ n II jjj Sjlj-a. CxJjl J 5 I 

Uj-> Jl ^ J^jj <5LUJI (jLi 111 .oVSfl ik^l jj J^lc ^1 cJ>lj Sjlj^JI 

( r UkiJ ^^L-,1 LjU) iSU= aiU 111 ,Llj 100 -GtlkLJ llsL.^ Ll^. tLf ili3 ^1 (6) 
293 tfl) °20 i'IUj^o Sj^. <^jj cul^ I jLi -V 1 ^ 1 ^ lL>?> 100 Ll_>i JjUi 

.ijillll ^ (jL& JU J^. 0.3 J^»-ttj Lijjjii[ Jj: 
.^jjLsJtj jaij (^1 ajt jjIJjj Jj*j-o j^Ltj Ljjj>"1 o! : cs>^l (V) 



.LaLaj j£j La£ <Ja3Lj JjJ ''Kj^ » 

Jji-i^i Sjl^a. Lllft^V Lljt jj Lii! u^aj" a i I .jl -> II ^1 JjLJI (3-° c^ 1 -'" 1 "' 

: ( _ r L La (^Jjjj-^ J j«j iii jjjjc. 
r.uniV,l IjJ <§jl>* J£-£ yi*. (^KJI *UI) JjLJI f II iSUJI ci^ 

JjIJhj <(u>^' u-° (^l^l^l p mi 5 II) SjUJI 4 ali*< Jl talkJI J^-Jj .j_u^ 

,_i SjL/jJ ajjb Li <«LJLt L$_jjl ojLl LJ a a U \ n II Lxjjjiil 

* t 
'j - JjL^ciijj <j I A .A SjLijJ * i«-ill d a »" *« II .«j it '<-i Luj_>jjVI 

J!Laj Ijj&j <^_i_^o J*S mi j d h J I jjJ-j .1 Uj i ii i I it's n 4 J »7i"> <LiJj_>ljyl <JViJ 

SjLjvC. Jjl .(_^u_ajjj^LS SjLut (J*i n j lj_4j <(_>uJ "' a J's 111 ^^-Lc- J? < l*s SjLjLt 
a^La^a 1 I a ^-A <QjJI ;j o t l (jJ Lijj^liVI ^1 LaIj^J ^^-jJI (j-JJ 

cHJ^jj^ fLa j5j .^jjljJI (jjjUJI jj-a ljj>aJ»j bja»" jj^i <<j^aJLU 

(j-Lj^&jLaJI (jLi^a Lj ,j *"j » j (j-ijjLlc- ^^-4 j\ II » 1 1 <-,i nl \ ijj-o^^l <JL^J1 i_a iqj-j 

^ISJIj JjVI 

Z)er Energie der Welt ist konstat; die Entropy der Welt strebt einem 
Maximum zu 



okf <Lai j^LJ LjjjIjVI no j .'iljli jJL*JI <3LL ^1 

^LUI ^UJI 

(j-C- <?J-° Jjt J_' } * I I CSJ-^ (jf-^- Sj j J <t i 4_na jLsl-o Ci'ij -> 

jjl Jj^a Jfl mil ,2)-o jii : j II dJj cilj ml in^. g-tjl .LjjjIiVI <JVjj 
V << mjJa - <j-a L^Juua^j <jIjjJI n o S" c»jL^ <LiLkJI ^jV) <LlAj (jj^-" iSLL 
jIj^j ^,1 f-^f-^ (j ^ <» j i »_>^ jl (^ 1 (j m l i'J L^JjjLj o i r . ^1 ^_iU" 1 1 1 j 

jjJI Li_ijjjjl <Lal_nal <jt-£_aL> djLo j1 (jj-o SSjLajJI aj_& ^j-jLj qjI (j-aj S<Qj_a£ 
4jJ>iJI £ j^ll Cul£ Ij^A ^UJlll tf^H-" CJJj 2 ftlft j <jJL»JI 

ijjj l£i <4j m'sf. <lLo1 i± <-> J l ^j-i 5 jL±^. AXK»- J jj ^jJI u jJI o>jLSH 

j iHll ,3. ' '** ° ' LSj-^ I "** ' "> '^^1 (jj^Ljll »l *'*'"' "il -US J^JJ .(_JjJji. 

L^jJ SjUJI »l SjjjZ Jlo tjLlau ^L^LII oLIoaJL. <^UI"i 

^jLSJlll jiiajJI j i(<U-*J_>L jj£. I (j j <J_ui£*JI <j j l ft»l l i-ij^Jj) I^U_>^» ft Sjl>i. 

* s ■* j 

Ijl Laj j .'*»"' II * o^jiill J ft«"> <■■_! -((J"^* II i_aja.j) £-LLaJI j> ~n II ^ oljLi-11 

(J-o jjl^ Ijl Lo *' <_>ikl ftLaJjl J\ Lo &LaJiL l£j?J "' (ffij J^-Lij (jl£. 

Ijl La j1 t^J ' H (J nl*> im I ft 1*1 ft^ ^Lk (jAJCo (jA I ^jjjj^JI Jl ftl't ml ft n II 

j Akjj <Gl •(^JJ 'ft^VI l-*^) ^L^^^ill Jjl->"JI Jl n*"i ml ^jlsi^J 

Sjjj-JI ?j mU II (j^l j^l <jj_i->H <LjIj ftj< II oMclilU <1iSJI 4^1 ,7,11 ^ 

<j| ■ jjj (^jLUI ^^jjjLLlI 4_JI J in 1 V Lo -Si >^ II I (j ' a ■■•*' SjLaJ 

u l=i->i jIUftll jl_>iLLuMJ 6 ua jjVI JJLJ <Gl '.lal jjL^-o ^1 ^ ,3^"^ 

. <JA»_>jji <lal_ui 

Loj jLjjjIjI 4 .in i n't (_jjJI fr^—iiJI lillj J-4 La Sljjk ^ ■'■■» ■ ^jJI La ,j^J 

S 

SLjjjjj^Ll iijL^jiJI <Uaj»VI (j-4 La S^^oiLill ^ ^ J ^ <~ LL^. <ul»_» ^jJI 

d a * \ . ^ 1 ^ a . t I |j * a ^ *^ a** I I ^ L^-o^a^-fl-o ^ I r d t" l. \ da p | a ■ A l I j \^ * . a *^ 

L:,n . UjLl^L, jJUJI oL^, jxLl^L o^LL ^HJI ^UJI ^1 SLU 

- s * ' * * • 

Oia£ Cul^ Ijl La Lvl^ ^1 ^ <-Ll-^"J J-SjfJ 'cHJf jj^J Lh 4 -^ LpJ^ 
i_i -s J .ijjLgJ CjL^LAjI *j.ta"1 V j- ([ a 1 1 Ji«.JLo j^i itilJj -V ^1 <jjLsLt 

aLaJjL ^JL»JI ^jJI Lo LuLj-ii tsS*3 < 4 ~> *> j j j <! >LtJI ^-iaj ^jl I '■ ■ I <~ 



S^lill ^lilJ » jn »H ££^1 



* ^ 6 ' 

jI^b <(JUJ1 lla ^1 Jiai 

<UL-S j_o Jj^ M-xlii d j 7> " > I (j 't o J-£ ((jA 1 J jj^i Lj iA « J -» ui ii oljj) 

SLv=>. V ^ Vi"> inn ^y-S SxoLa Lj-ilia J-l-iJ Lojjt LucsjI ^ <i— i m~» < £jLJI 

jt I j iA» 1 Jjj_o j <<-ojl n j 5jol t~i"i n CjIAjj^. 4_Llj-a oljLc. .«Lk4 

^ ' i. * 

(_jjJI ^ II i 11 j_4 1 j A .4 til j lLc j,' «" 4-Cj hi I Sjni CiLjl in o j^j ~> " n j <(jA u 

jj < "i II jjl i a »^ j ^ mi *i 1 «LLo c-j.JI I 't o » (5^11 j <Lj_>j_>jjyi jj i~i <j-i j n*s_t 

.LpjLj-i (Jiljj 

L. Boltzmann (1906- jLajsJ^j £f-*A>J csjl "><>'' ^1/>j±!I j-ILj 

^.jdj <SjLJ 4**\U (jUcl ^1 «(j uaJI j_. u&a) Ijj „■> jlS c^jJ' '1844) 
ajliiV ■> j 'I « j" ^jx, i_i i mi A m i\ J) 'i iii jl jjJl t«Ljj i«-il » o (j-o ^! I t \ \\ 

t^-L^jAl\ Cjjljjl I n K fl •<_ J -»^ J-i-Li (jtil j 9 n Lajj^jVI jjl ^JJ jii .L$J |> (j (A fl jj 

(j_o I 'j 4_ua j '^j " <_S jj in 1 j I Li -J-!l t I u3 II SjLuJLfl . Li_J jjJLiy I Ojljjl 

* - ' 

|> iii,^ II <jJI Jj -> ">J (^jJI (j-o J-5l LiJJ_>ljl i — i l .< r> I I j< i n ^ II jl jkJ 

<jjLaJI Jyi J_iii1 ^^MCzjLi j> mu <4jj^_i SjjLLlLq Ciljjjji. <J (^jJI (jLiJIj .6jlfl m'tl 

.jLiJI <1« j^jj c^jJI j-jUI ja ^jJcl LjjjIjI jLiil IjJ 
<JLaJl pi j i ii " II I i A it j (Jj i iii'i II LijjjJljyl j^j-S CjIjj il " II (j| 

<5 jLaJI jl j i«Vil J_lS <l q ~l c i ijj^. jjLi t <t 1 1 1 «i SjLo (j-^ mj La j \ % i la^jtj .iijLijjiJI 

i-i j in II lifJ <jt (j^il^'i ui'i (j^-i j <5jljjaJI <jx jJ ^LLjjI J-ul i ftlatj ''lj ^ 



<GLljj-i. (jLfl <<Gjljji. <^.jJ £-3_H Ladle ^-jV (LxjLo jj-s ni'i Lajjr. 4 mi*) ,< m II 
6 j *i * " o II Cj\ j-jj II (^-o j i K II d fcj « a oJLj J-=»-J j-JJ-jx.j t *i t j dj 

^-luj! (Jl.a„o iIjLljjj=»JI dlj "> " (IjLc. (j-^. mi LoJa£.j .J-luI ^ S j I (] n II j 

Sj-oj :<->jlj II I (j * < s^-a. ^j-i jjil (j^lo^s oLj_ij^JLj J^Ji (j-°j (oLc.j_<jJI ^j-a 

If LLkl ■■■ La 4jUaJI jjLiJj <jj-^-J . jLxJI <JjLi. £j-o Si U . i n Sj-JLua j S U *t o 

ifllkll jLiljl £-o JjljH <J 4*Ui-> nil otfbj% II <jjljjaJI ^jLs <Sjl>a. J£-i 

CjljjJ <JjIj^JI A^j^aJI Jj'jj £-oj <Sj-JjJI ^)-« (_j.ll SjLoJ <Ljjlj^»JI ^j^ajiJI 

.Lpljj £-3IjjJ 

c^L^ Ijl Lo jj<U-JI j> <Ji^J f <^ II |-,-.<oj n'Uj .,.,11 oVUJI n 
_ 5 j i^.jJI <£. jl ft II <UaJLlll .j ijj^. (j >*k tiiljj .(j^SLijj jl j-iljHj LujjajVI 

If 

^jk Lj-J jjiilll uaj { jA iijil (jLu yJk Lail flia. djj^ k.jI Lpl <2uiaJI ^ 

Ljjjju^LI (^J^JI t? 1 ^' '^JJ^^ ^ * jjjljJI ^ j ><«"!! LUk. ^jlxli 

UpV < ( ^lij Loji J^-ujI jJL»JI <;iij Ljjjli| ^| -(»-lL«JI iiij ^ It-JI ( t m-^ II ^ 
Ciiiaj lj| J'r.iTij fSjl>*. J£_i ^^lc. j>JL»JI L±ij ^1 iSLkJI cJj->*i Ijl jljjp 
.LiiL*j1 ^ lia lj^j .(^j*-oJI (> ' ■■->!! ,^1 S Jj^. J^i. <Gji <5lkll 



jlS\ t jlxS Lajj^VI SjLj <jl .jiJLJI ^ t_sLi4 c$ J ^ *u^-i 
V .L^jj^j ^1 iSLUl (> iljtill <j-a£JI Sj^a. ^4 J^Li^Vlj <jJL*lJ SjjI^UI 

^L&jl J>a~a (jJS Ljjjliyi (ji SjL^JLfl iUjj^^U ^jU. £-aU j^j 

J^-oJ <Glj jj_S LiJj^liVI J() « n j .LijjJ ^^iJI SjLaJlj 4_SLkJI (j-S ^j-uajiLI 

jl j . <s\ In 1 1 Jj-i-SJ ' a ' j * "' » (jl 'S n i <Uj» roll ^-o j . <JsUaJI ^.jfl t o ^-o 

Lo-ui L$-j| (9 J io4ll ^yi uJj-u. i La£) jt tJ-aX. jL=>jl SjwiiJI Lip! ,^11 

j-5ljJI <j£J :<Uuij <_*jil!l Lij! ^jia. jl <curved WiJI) ^y/^LA (jLCjJJ 

,j«aj (SjLaJI j <2UaJI £->jjJ (j-^J^ jj^i'ill jj* <loC I'ljlf. La J£ Jjl jl c4 Ifl in 

(jLa^aJ^j ^Jj jii <i 8 ui^Ll Ljj <(j5D -Lfl-aj } ^ If. <-oLj <Li£. jj Sjlnj in LijjJ j»j 

.(8-4 J<*.H) j iJli ( <ki^ujj| 






.(j^l ^1 jl^JI (> j\J*L IjJj^ iiillll JlSLiVI al* ^LiI«JI L^jj^l u! - 7 " 4 J< 
<[Aa.lj j^a. (jil j-i) chaos j (jU.) gas u 'mKI] Ija. i^il ^i. Lr l^JI ?>jiJl Jl»; j 

.Ujjjli[ ^yJcl <il«JI aj^Ji IjJ iLSlj^iiC CjljjJ>aJI 



S k tog W 




jjJb jj^Lii sj-» .8-4 j < mi « 

gSzA L^ilt jjS^l ^1 JjL^lJ^j 

ill J I MfcJ l'l 1 flLt-lJ^-Q^lJI ^ J J ft ft 

? i J in .pi -y llj oljiJI 

<j£aaJI <-ljdJI . "■j'll JJ£. 

.(ojliJI <JUJI ^1 fJ! <Jj_. „i II 
ULLv^i yJLlI iltjJJI jLiiVI 



j i -i * 1 (jjjjjjj^li i a 'j»"' jj^- t ,_\ 1 1 t Llj jjjj^U j'yjjjjaJI j t ma," II jJ-u jJa 

-Uj .ii t (_£ jJI (_>uLujVI ^^-A ^-LAjiJI <jl i it's (_£ jjJ <l n( j a„ ),j ( jj-Lfi jjJI I jj^ n i <j1 Jja 
(JuUaaJI jjJi 4jaj|^JI jlfiiV <JI ml ml — -1 ^ ill «Uj m"ll .yu cSb^xj <JI 

<<iLkil Lj .A VLkjl «Uj1j ^uLkxJI .<jjLa 4 >~< » ^ jl ^jj-o ^ jLi ^1 

<j| ijji* J d < "H o-a (jj^f u' 't '?.^ 'IjL)^ e*4 l i-L^=" ^aLL Uf-^ VA? '^*J 
^jj j () U" ((Sjl^a. Ji-i ^j-Lt Sjjj-aJI <L3LkJI)> J tf ,i.l mVI u i m il j_A 

Sj j>JI <ILUI ojljjl L>J^ «GV jfjj^ 5 jLt numenator (U n.>) Sjj_-a 

^ SjLjjJI 0>x£ jkjj Jj-aj < ( _ J -uaj_flJI ^ SjLjjJI Cjj-a^ Sjlj-a. J . t. ( _ r lc. 

denuminator (^LL-<JI) £>i-<JI ^ Sjj^JI i^jj Jj^-j ol -^j-^^ 1 

Jjljj (jLi <SjljjaJJ ^liin jljjil^ JLa. ^ <<Li1 ^ jJk j <l iAj! <Uj nijj I j ([ I 

<L&.jJ Ci-iL^ jJ La-o J-^t <l Sjlj-sJI <^.jJ Cxjl^ Ijl Luj^ljVI 



* * * f > * 

(jn iuLj j mJax ^JiLj Loi j .oljl i hi II j SjLaJLj La-^.jj-o LcjLiii jf^ <*Ljlj^*JI 
<>j iLo-Lo: , LLiJLi ^jLjJI <j^JI ^ JL1I Sj_AJI 

SjLjJI <jl .«Qt j_> >»">!! jllll o>iLSJI ^« wj ^Ul L> <jVI I >Vn »j 
llstSjj jLc. ^ -^jj^' Jli-oj J IjM all Ip nia"i ujSj tjJ - 

JUalo ^j-S IjM al"> (j-afi3 J J^ul J JjLkj J^ Sj mm'i nil ifiUoJI .<LjLa. ^ 

.SjjL» <J jUo Jfi I ill ah J)lm" <LuajjJ|j <Sjj i u a 

aL^I ^ JdJaJllI jliUl f& Oj^ y- 5 'r'." JI <eji> ^ "j 

* * 11 <-5UaJI j SjLJI (jl ^j-A <-J ml miVI S_>£-flJI .SjjI>j-*JI Lj-ijj-1j)/I 

Jl ^ "> ■> "» <jjI j <ii * II L^j^I a I a" oljjJLs .o"i ,m~ II Jl ^-^1 ntVi o II j 
5 jjl ->"i <i 11 ol jjJI (jjj JftTi" <jjl j .u,»JI a U~ II iiLLi fSajj^ CjIIij ,_jJI Sj^-fll 

f-lj-uj <Xui1 ^^-uaji ja-j j-4 j !•»" II ^jlajJqJI aLaJiVI .jjAjlaj I o iAi i ^ok-ussj jjjjl 

LSI 

A" j iBUaJI laa '* J .A ji ^jjl ^UajJI Jj) ->">_» <iAjjJaJI <JLaJI .<Ljjlj^>. 



LoJb <<5UoJI Sj jL^i < jLuiJI J <_aa4 <5j£.j <1 >uiVI Jl jJLaJl ftUJjl ^,1 

<Ljj Lgjl i»li«l*ij.> J»j"H (J-o JLj-II (^jjjliJI J 5j m-^ oil < n tint II dJU^jJI a j*s,a II 
Ij-gJ j_al,U n Lj-lj^ jj^j ' jjJLlI CjIj I t * II ft ^jl <_SjJ_oJ <Jkj\ \ \~\ nil 



(JLJ1 Llk^l tjLLZ &m Uj^t JH\ (JLJI Xj^u Cj\ .LlkaJVl 

.SjloJI j <iUsJJ (JJ-^> J*l\ jLiliVI dJjj <<il5j| u^oj V 

I jLi I d ([ 'I a I CjL) J1 ir-lll l_l tint 

j ^ jj^J <Ui jj^LVI Lai .Llka^VI j;A-u«J aJUJI aUjll (jl£ 

^ (_^uLlJI ^jJ f\j-iJI <jj>ll 6jj» ojj^.! J-3j *?g lj i'» JLo-ttj j^lj 'of-*-jlj 

4_uaLi_>j <j_£uJI t£jJ i_i5jjj V (£.111 J-ualjlaJI (j mi->"JI Ijtj jj jJI <(£j j~&i\ \ j '«"»» I I 

IjJ '<3 O 

jjJLJI 6 jl .A ~> II (j-oj-s <li!iLa.VI ^jL-JI Id n<, -> "> ^jjJI oLjij-U ^_oj i 

ji^i V Ul I — - (_y.ll - (j LtCj (jjj inn i^jj-a J^~~- (jj n*sl -. II (jl£ I jl <jJLc l-Aj l"n*l 

aJLaJJ J ■■■ - £_o . ■ ■■*■"■ ^jj SjLJJ <LaJaLvLoJI Sj-jljj-oJI Sj Uj mil j*C nj i S<j-a 

ai ^jjlill jj^jLaJI (jl ^.ai t^jUILj ^f-^j-i f^ji kJjJ j-^-i <j-£ L&i.j j t> "i_> 
Jj _ (jl ui'tVI JLslsI (j^tLL jj <jLi <Lo j^. ^jJI <iljn-s iLjjIaj ^jLLjJI dj^-aJI L 

Lj-o^-fl ■ ^ > ^jlJI a II ikSlll (jl <TU.^*U I'm If ^AalT.II J^aJ 

(j-o i in j_A j JuUti : Jal it i 'i II (j^ <L1 j l u Sjjj^. (jj^J (jl (j*^ nj V j-lXjJI (jl 

^ ij-^j ai LLLa^jVI ^UjiVI (jl -u^ajj Ifl iAhj i^j^JI ilj^-VI 

jl5Lo ^iljJ (j^-jjJjJI (^1 .h'iVI ^Lsj^VI lj-4 oLj-cIoj 6j^» J^-i j j-5jj 

* - 

Prague ^I_>j n ^ <c> mjJI (jj>Lll ^ < j"l < j » 11a (jj^iij ._>Al 
<Lo j.ac j .oUsLijJI (j-o <c j a Ual ,„ ^,jj I oj« j-ijj ^jlJI (9-4 —H) iiilUI 
jjjjj (jjj-ll U< inj Lajj-c liLljj <Lj-jj_ > Ij'yi ^ SjLjj «<SLLJI ^ cu ml 4-oj 

<^^aJI Ci^l^ LJ «Gl uUj .<^Uj n || o ^ Sjl^a. J^_i j^ic <15LU .'1I<~^VI 

liLljj m-aj| ^juj^xM (j^i <ia2j j I ml ml 4 U J V\ 1 1 JiaiiVI J V> «l (j ■?> "» n II 

^Jaj,o ill^a I ■ * I . u | . .i^. I jj ( j_fl_ J J| ^ q . .. (jLfl ^JI^J ^J"Q 0 i^ijt^j ^Lo^flVI < L^.J_ajJ 

dilj^-VI (jl LLj aii <j ill Li ti II J-ax. ujlj[ LlLtLaJi Ijlj .jJSjlc o^j^j 

<<jJLklj <ij-»_o i'IIo'i (jjjJI «(jaJ (j^J .A 11 i it-i 4iijiaj (j;j " Cxtl^ <Ui^loJI 

. Ual in (jjjJ <£.jiiia 4-ijl j i n <Laj (jl 




ipLi^l c>y : ir.r. .9-4 jsAJt 

4.c v jK a \ ji L^_jl_i < 4 ■ ^ j ' " «i ^.t ^ L | 

JLUiVI Lj 5 ,„ J^UL j_^T 
iiiu-k 11 LlJLxilj ijjuu v^"j J 

Jjljl Jj-»J CJ-t li-* t > *' » J 
U 1 I J ? ~* ^ ^>^-1 

.(jijil^JI lia <j 

jl '^j? " J-"" 'Sj^ in iijj ~ a~i Ji_o <Llj l-i j -\ n H j»JL»JI A \ \~s n Jjlj^.1 
t5>?^j V jjla^VI AO* Jl* (jV <lajj»Ui ell Jul ^j-^jill j <jjj£» 

.jzJ (jl^o ^ (j-i-p jill (^j-o ^j^I l.^.l">'4 ^-sjJI Ij-A aJ jjj . jJjj <ji <^jJ tLJI 
(j-u i^iJ| ^Aj g " fj£. t-^ ml jJI Ljj^^liVI ^axj 4 L i^i (_j-*J <<LiiLuaJI «l -^jVJIj 
JjJ-a. jJ& j 4£_sSJI (j-uaji SjLj jj-o t-^ Mil i II Ljjj^jjVI ^±*^J '^LIaJI iiaJi ^ 

.chaos (jiiljjiJJ mb j-q 

J uaUl ^ al't j hiCi ml ^Ul II J^lalj ilajlj <Lc\2\ LlA Uj^QJJ 

jjjjLSJJ Sj itil t « < ) ~ i jj-A <^L!La tJL^^jJI £)\ ft I ^ J J-=>-J 4-fl-LLa (jl 31 <1 

jjaj ^Ul <<3UaJ1 Sj j^. ,_fiSjij V <^jJI jlo^jVI (j| .d^LljjjjjjJI ^HJI 



SjLo CjLia CilSj) I ^ n II d II n ft ^jLS Jj^. j Jul i ft .-la OJJ .(j-oj^U £_ILaJl 

«■ J i " J II (jAa ' ■ I (j uOAJ Jajl^LaJt Cilj l«">ll CjLiC.1 ij\ JlAJ <<J i _Q J A V jLuii 

(^jj pi ala J J^-J <jl •'_>-" u J I > nif, l(j mini ^jjl SjLJJ Jjk j-o <^.J ^^it J_i n ■s I) 
^-i-lj (^tlll o^^' £LiL*-l J 'i^>Ljl J J a 11 ill j" iti a II J^a^U 4;>j"i jJk JL?-j-ll 




<LJI <j| .LiLLlj £-3j-*JI Ij-A (jj^f Lajj Jj .lj^>. I J_i » t j\ A±*. Ij l->, « (J^J ±* 
<Lcjj_ua-o <x.l_..uJI ■. ■ i II jj (jl 't nit i <<_> j ■ 4 t ft i*\ LlLkJj Sjj^k.j-a-11 icLtuJI 
q\ n L^-j| .<JLijJaJI (jut't ) jJ-aJul <iiDj £_o A (j *i*S I \.S II (j-o V <(j-JJ_jjjJI 
<La. jTi 8 o 1 ') i i f.lj jj; jl -> i II ''Ij a-aJI ^Jl <_ijlj )'■«*■ I I jJ .(jjjl_k_i J-a-C LiAjI 

'■'j?- a 1* KljJI 4 .'J^>jj '^IjJI ''Ij' aJI liA J-* La (^j't in .LjJjjjVI ^^It 
. < J nf. d i ...I ...| SJjLaJI ic ^jJLaJI lXS^ ■ ((_)*3Li. A^ja 'i£S' '"J 

(jjJ^Lui. tj o i^">j <GU (^jl^i. J>a-a jl dJ^a_o jj-^j tV'i^oj 

4l;j ^1 tSUaJI Jej^ ^ J>^JI yJjVI Sji^l -(10-4 JUJI) 

(_ya S J j" in o II (j-o iiLLJI g\ \ i A .^jlj^JI in n II l_4 jJ_i^a_o Sjl^a. 

( _ f jJI <4JU-JI j .^J^o Lo_o Jjt <fjl>=» >jll" o* ^Vl «Ciljj jjl j| iLiJj^ljyi 

iiljJa^Vlj (^ua^a ll^ J-a£. ^I Sjl^jaJI J_> j -> "> I <jJV1 _>AC ^a.\" A aI'i->.j-L" ...I 

JJj Ljji^ljl jjLi <jjLJI j" in n II ^jJI ^L^-ll c .' ** " II i>" L*l j ?j "'I (j^-ll 

Sjl^a. <-a>jJ (j-o a ~>l 4x.jJLiJI Sjl^a. <-a>jJ Cxjt^ LaJ • jljjj j" luaII 

hi 





i. ■/." 'itli^ 1 .''''" 



j^JI blkll Jjl! •(£_>!>». 41 jl) £jL~ d>~> ^.Lbj^jUl JuLnJI .10-4 js-U 

Cta.jVi.inl ,^1 dJj (>> J51 Sjlja. (jJl iJj^^lo oj^ ^1 iiLkJI cul£ ^^la. <jljji iJU^.yi 

.Jjkt Jj Vj (jl ij^<u Sj Jj'nl lj jVl moll <Ulk]l (Jjj j^J' u! • jLJI ^ unl l (jj 

(J \c ^lilll (^ya-j <GV - jl j ^ II Lxjjjlil jljjlxu <VUa.lj .(4jjL$J <a&a1I <jj^ jJI 

^Ls 1 11 .<£. ^JLJI Ljjjijl ^ SjojSLII SjLjJI <U mlj^ jLf^JI Ljjjlj^ ^ (jl i^VJI 
j »j ^ ^ _ ^ 

<J^it dlj-a aJI £-Iaj j»J <(jVI ft nil ~> II 4 Ua'.ll in <jVlj 

j 

Jl i«Vtl ( _ f it jLaJI ^ i'i <i II LiLia Ijl La-illll <_>uij Jj i>i-> II I'i'iI^ nL (jl£j 

jj ^yJLa. Ij .1 el" JJij jtaJI II iSLU JUijI (jl Jjj .Sj jLJ it jJL-IL j nil .i o 

.SjjLJI it jJLlJI (j-fi ij^JI Uj^i- J 'J-a-t ( _ S J[ _ I (j K V - I j *i I n uil LiJ j^. 



^jit J-uaa*J IjjLs < jLaJI ^i'tnll ,jji 6jlj-=k. J^-ii ^jlt <iLLi 



Ijl <^ itilUj 



SjLjj ,_pLt Jj «^i -> II I 1j inj^ (j! .^LtuJI ^j-i L»£[ <Lijj_>Jiiyi ^^1 » **l 
.jjUl i n a I I ^1 Sjl^rJI t> J5t ja5 jULL Ujj_>li)?l ^ 

^i'u I I Sjlj^. i?-jJ < SJjLjJI itjJLJI SjljJ*. ia.jJ Cul^ lj[ <JLj-aJI J.>,i ut 

<i iAjjAj SjLj ^ylc Jj if-i-^ II I \ '\\ A <^<ilL^JI Sjlj^aJI oLa-jJ Jl oi j n iL^ jLaJI 



it jJLJI (jJI Jja.jJL Lis ii^Ll^uJI <3LkJI < « «V>I ^1 o mlL Ljjjj^VI ^ 

IViUI" J-ajlj dja »H .Jfiuo J-ofi. ^ <JI oil LjJ jjLVI <_LuaiJI (jf^jlj <6JjUI 

^ Ljl o ^1 ijLjj <-»js ,jV - viable jjj; U'> 1 1 J-Aij lj « a jL$-=>- <cl ^1 _ 

.J-at Ji-i ^Jt iSLLJI (j-SULJ ^j-^" in') tijl Ljjjliyl 

(jj£j ^^jJI <Jali «JLaJI idJj j .4j ml mt SjjLJI itjJUl !j\ <jV1 cs>j-^ 

dJj <<LcjJLJI ^ 5JUJI (jiu L^ji ,jliajj <SJ>aj-e SjjLJI «LcjJLJI L^i 

(^a <£3lkll jr^j^" ul -^J>"^ <fJLeLa.VI SjLjJI Jj>VI d^. jj <-Lli 
jK mi ^Jx. U.^ .11 iiLkJI Jljj .LjjjjjVI ^y-S (j-aij <1jUj (ja.Luj ^i'u 

J^aii da- jj iLkj-J! ojj» (j-Lfi I jj ^jj L^JLx ( _ y ic L-iJjjj^l djJJ J-aT 

J-**: V ^1 i£ _>a-JI j) llslili I) ^a-dl J_<uo ^ .Ljj^yi (j-IL^i 

(2j-o ((SJjLLII < nUf. Lfl-J j£ 1 J-J m" <j-a J-J V <Lj( ^ 'n n t <l jM < l"i 

SjLij VI jj <Gt (j«o m LI Lo (jliL* LujjjjVI ^jAxj ^Llj| (j? J JJ ' «Q II 

j <<jjL^JI < i *~< „ I K j -^*.~. L^il :5j jLJI it j-ILJI jjj j-A \sa .Ljjjljyi ^ 

jji VI Lf-»i V <jl £-0 (LjjjjjVI ^ji SjfJ^ *jLj <ji Ja.jj ^jJI JjLiaJI 

dJll pLc jj «<jUj» J ja. j Jj V :lfl tjnftt lka.V <dUj J-o j .iiUsJI Jyi t_Lliis 

iLiLaJI j jLJI ^ i'i oil .jj^ialil MjL5 oj^j Jjt dj-> nil ^L^ ljl <5jLilJI 

i ; i~» mi Jj o ,j| ■ <Jal In 1 1 Q >, I i~i Jj-^>J j$J3J ^ U-° < < t-iLaX. jj-a _ frl_Li a 

icjJLJI (jisjjaJlJ SjljaJI jAt i JJaj jj! i.i-^ i jl :l*>j .n Jjulj V ^ I'mll (j-o i5Uo 
(j-a If'j^a. Sjjj-iAJLj (jjij (jl (jjj < lo J ■> ft II <j l-il uaj </Jj£j aJ tf^') SjjLJI 
<U <<Li Jojjjj Ij > p. ^" W 'i <f-Lu J -n *i LcuLl^j . J ,n » i dj ^» o II J « a <LiXj ^dj a-ajl 

.J5VI j^Jx. 5j_iiJI (j-aij 

^ oaiaa jjiU'ill }LLS i>^U la^j-j. ^ ,> L V ^1 iiLkJI £1 ^jLu JJ d^3f (8) 

SjLfc ^jliLil J^jAjljJI ^ <<3j^kJI aifJ <jlj <JjUIIj jL=JI (Jjg-J J* i ii oil Sjlj^a. ^jJLa-jJ *• 

.2 j^ij <j .M -> II ^jj J ■■•'*.? -II <llliill jjjli 



£_o ^-L£ c£_Hj <fJ-»JI ^ (jj-^ CjljJ-il)l (jAij ^1 j h \ > I 

jLLJI ^JLxJI VjI iaiil .jiJ jKj> ^ ^j^JLj Jonp^ LApUj (jU <aVQj l^j j£ 
A_xOjJ dJjj <ajLa^l i-t^ s J^a-C (—11 r-l " ~> > <J^^^ g-l *> «^ (j-jl in'll Jol iii'i (g\ jl 
■ "■l^j-y » Jl m*i ml (j_« Jj V <(J-n * II Ij * J ia'i" 1 ^ .L^JLa^l ^-o (—4 "* » a 
dj ~> n . 1 1 jj^J j <(p!jaJL) Jjjj ( _ f jJI ^1 lu^^U 4 il 1A1 II CjL^j~> n.ll I () *i o iA ^j^) 

<£^aj ^1 j>o IjjIj^- l^^a-oj <<*-al,j *J>a-o 

- £ * - • 

iiLkJJ <[1 — " <3LkJI JJ-U <<jjL^£ ixil jjl Cul£ Ijl ^r_l-> uq II* 

jj> UoJ ijaJL«JI ^ <l i<~» II (_yjj.ll (jl .«LxiljJI (J-o <t 'i 1 1 n <^Llllo ^^ic £_Sj 

.iSLL JljJjj (jjaJ j ^ Ti (ji I4J (j£Li jaJ < < n J -> Jj^a_o ^1 V J-"3J < < ttti— toJI ^.IjJkVI 

<<SLLJ| JljJjj L(Jj (_gj-%j (jjjl ijjjjIsJI j i^sl <iLui-o j-o jlklll (_^aj 

t« '* n II Sjl <-=>■ jJ £-S>l J ft*"' ^^Ul <-ijLf-aJ^JI Cj^LcI i"i II 4_uilj.lj dJj j 
\±xa jl j»-£_>J jl <4 Mitl'inH bj-A ^Jjllj ^jLLj d>=>-o (jit j^jLui .(j -s l iii. l l 

<Cil llajJI (jc. ^jj->"*i Laj'if, (Jgjl ill dlj -t II tiLo (__n±ij jjS (ji^lj (jljl^.1 lllj^_o 

i^>4~1L X aI ."'.I , ~ t ~ i^,t jjjt V j <<5j5j Jj>. 4jjlij <5j,^kj ^j'i 

.ilj^.VI J ml uu <julxa LlA iJ^-luVI (_j-o (jjij IjJ loin's oil JTjLi 

CiL^j-a) CiLjjM_>^J_)af4-ll <>6 jjfj-o J-*J < Jj>LlJI j-A J>2jJI (jl (j-ajiiiJ 

j *<J i n II Sj uir Cl mil (j^J j^JI Ciljj < I ml in (JjLoj ^ Uftt (j^Jji.^Jd II J jj^jSJI (j-o 

fJjjJI jj5jj (JjfiJI) Jj5^JI cuj^ i^j^JI ^>?JI lj^ -11-4 J£-iJI ^ 

* e * + 

(jjjl I II ^j-S Sjjja. j-aJI j». j -> 111 II CiLaj j-=k_> I uaj LLijj I Ul i"ijl In 1 "1 j-o <j| 

(^JoLIa.1 j <JjLc <JLJa ^LLa <l_uajl «^ jJLj j <4_il irn II i_sLjJVI Jfijj ^^ic JX.I m" 
Ix* JjiWj (jtj .JjJjJI J>3jJ Ujj j UaLjjl Ui"j-a ijaljiJI jIjaL! IjKI jl . J j3jU 
.La JL^. <JJLslj Sj^iJI (j^J <<jjl irflft (jjjjj j^kVI (jAt til <j-tt jjSI (jA^ ill 

Jl5 (j-o (jK Mill (j-S Sj^kj-aJI ifll~i < S <CjLljjiiJI |>^>l j~ < JjjjjJI (Jjla^ La ait 



JoJjjJI (jV SjljjaJI (^-o _>JJ^ jJ-5 g "> ' J J .pLoJI oLljj^. I ^J*.' Uj-^JJ- '.' i M 

<(j_i-s m'sVI Jj^' 4j±usVI lajl Ji_>JI (^o (5^5* CjIj^JI ^jjiJ Ijj^ 4~K mnll 

SjjJ^. .LjIj_>j <ixa-L^JI <L»jjiJI iajl JjJI {jC n"l mj LoJuC JJ^J iSLLJI JjU I jJ 

J^j "■ a I IjLoJ I .LjJLL <Lop}Lo j-J-SI oLj-jlJ>j ^j-S Ciljj-ll j't'i m" j <<_j^_S 

^yi <ti _<-e>jiJI 4 n-s iA SjLjj jJjj JJj ^! j-A t_u mi l S C^JiJ^ JJ <±±4^ 

<5LL j ■ j " I .Luj^jjjVI SjLjJI 6j^J ^jl i hi mj ^Lol j ml «Loj .LujjjjVI 

J_uj^Lui C> «1 jLo 6 jLoJI j-A j^Sflj .4" i £_Sjjj ti i -\ n II jj-S J J i*" 

.^llll (j^iliJI (Jj~~* n\ Zjj-^s j»-"OJ j'j^VI <jl 

ftj-A Jjl UL Sjj-uoja^o ^Ij" ->,VI ^ 5jj-> nil <5LkJI (ji Ll5j-o ^j^aj "it'll 

pLaJLl 4 iljn o ^jljul=w j^£. 4 I i n <J^5 jjl JjJ-^- Lj it i^J"> i (_y^l 4*>-J mil 4 <t-u nil 
<<jJLt Sjlj^-i V^'j^ L*^ v'j 1 ^ II CjLojl nall l ^jl m"t J^i 

^1 Ljj\jj ^j i m aaJ . j i A < -~> 'i n SjIj^j fLcJJ < a n n-ill cjLojl i>-."II j^sl^p (j- 1 ^ 

.LjjjiiVI JjJ3 iplit <jiac pUI ^1 llSI liT^o (>o iSlkJI 

.... i -TS- 

jtj-uajJ ^SJjJ J-5 <!>>.' nil <-^=>-J <<Jjlj-a- <(jVI jLa. pLaJI 

^ Uj 4 In5> ^jjj J rfi't (pLoJI 5jIj^»- ia.jJ ^Lijjl J-o .4 mfl'> 111 Sjlj-a. 

y i /-i t jU_JI j^i; J ^ U^a v l^sJ SdJj Jxij IjU «^ .iUI L^i 

ji * * s 



.LjjjjjjVI jj-i .*»■>•»." ^jJlJI ol j > i "i II ,j— a i LLtlc «pLoJI (jLlc. • ■ ■•■ » j »l 

<Vjl • 4 9 l"t -v ft 4 i nl'i Oj-aj3 jJaj 4^a. j <(jl »i*JJ 4-L>jla 4 a in i g utu^j ■-■ I *» *j 

L^l ioi ^ j^Mi 



^ 1 ml ■ ■■ i_&Jj^> <jl .ijji.VI ^ Sjjaj^JI <^_uijjl jIj^JIj jjSjJI ^ Sjjaj^JI (^jjjjSjj ja^JI 

Sjji Kill oljill) JjA.jjJji* 4j j 34 Ijj J-ualj (_jiJI ((jjlll <julijl oljill) OJiJ& » Aj-i* 

idJjj f^jjJj^JI CiljJ AJLtjj O'T "l^V* ^^j^ "Loj^L^j ff-^j^JI JJ~ ->J jjjci.j .(jjAjJjj 

■ P i^l d fcj ■ a J * II ^ .~ja1l ^_fi *^ Sji-lj >■> JJ la ill ^_fl^ f-L&JI <j-a ^ ifil'tn Ljjj^ 71 ■ " 

^•W 6- tf jJl '^IjiJI i-ljj oj£ J^U. jk*— II JLLUJI Jl Sjlj^JI 51 dJj J p 



I J jlc 1 JjLlJI 1 ' <La_o K ml o" o f-Lo-ll J* ^yjJI <fLoJI CjLjJ_^a- 

<uU=JI ^ijz; ^\ ■ <frLJI j 1" j Laj'ni IjJ .< U") ..in ciLij^a. Ij IjLc. 

<GV ' ^ * II LjjjjJil (j-aJLkj <iUall Ja.IjJI j^j J-SJjJI I j-A .JjLuJI ^Jl 
iolfi <JJj ^<^Lj ijjl^JI 4 jTs nil) jj ^ tfiSLkU jijJI IjJb < Lxa nil 

I a 1 a la ~ ■ — ■ '.'Jj"'l jj-* jlj "> (jLi - *~ ' a aJI SjljJi. iijJ £-S^-J I nj'if. 
^Ltui.yi jlilll ^ t i^>j 'ijl^ j^iij <jJLc Sjl^a. <La.jJ <(j»-a.Jj-JI ^jLiJI) 

4 a _■" '■ jjl (5jj LaLi^j (_j-j.II <i->jJtaJI ^ ft ui II j>jj Lj-Aj . LJLj <jLi 

(jj^j (_yJ-ll <JaiijJI (j-ll U j ■% ft II Lijjjjj| jj 11 ~i (jAja-v't ^^-4 5 jljjaJI i^jJ 6 jLjj 



■ <Gjl^&. 4 l-i >ii\^i Ui-k nil julSJI i , tilil't l*i i If . ' "> 

Lf lc SjUj .nil ^j-i ii^l-j j4-1=. ai ^LUI (jjjLLlI (jj^j <tjVI 

lift jj£J .pLdl j^j" (j-fij <*LaJI ^1 ,_■ j I 11 (j^ JidaJI ^jJj .jl^La-VI 

Xa.^ Vj <,Jj'-" j if* ^La.j-oJI 4>j-A ^Jl LlS^kj jjj .J-aX. jjJI Lj .Al t 

J^Jl ^LaVI ^1 ^Xu fJUJI .jI»UI ^1 iiLkJlj SjLJJ &*jjUH J^L, 

i 



SJSL J I'.jlr V?J IjLJ :Jlj-JI ol ^Jl 't^klLi < j-» oljU-iVI j& CjI 

SjjL» n <j ■ iM a" ...I pi J aX <Ja 1 1 il j ' <L^J ft m'l iiLLJI ^ya JAo JjLjj 1 *" Lc * 

^ya Lil£ Ijji jJ^j <JJj Jjl£» LejAr.j .1 W\\ t ^ jl m'l'iVL tl iftl m-a.1 J I 
j ml m'l 'i a 

j^kj tllLklj (jfjLajJI dj^> nil jLaJI J^J j"i mnjl i mil J jlj jfri <<5LkJJ IjJ-uim 

(jAaj JljJjj J-ualj jkLoVI j^j LllLxil J-ijJj Ljkiju 



_ (5Jj>aJiJI 6j-A ^a. <J5VI (jjt < jl _ llLLlj a^^-ajl ^jLLjJI J>a_cJI {j\ 



^s-s S>^j ^^fc; ^1 eAij^aJ is^-i .^.^IjjjJI (^jL^JI d^^-JI ^Ij^i ^ 
<ATP) adenosine triphosphate cl » « 1' ^^-5 ^j^i-uVI ^ I ^ J£ 

(5 j .Ar f-J^. <j^> <U I ~> II (jj^J (J's utJl (_j-s <J^j 1 ^ j .(12-4 J*\ m II 

dljjj I Ul -» o <->jj 4 mi ^^j) < iii i II j-f3-ll J J *i (Jjj <j-°sj <l»la. J^Sj 

£(£j-aJI Ij-A 4 > mi s .-.I a ,., a II j j uaJLlI J-JjJI J-A Lj-a-fl_a Laj (>J ' ? '"^ 

i-iIU (j-Lc JLij J-ojJI ^Jl ^IU'ij Lojj-*J .(fjLL-t dj ~> n I jLsJI g^J j" m ft II 
iSjjjkVI i ii 4 II 6j-£>3-" li^J <«LilaJI (j-S Sjjji. jaII (jjLaiJI) CiLajjjVI 

.adenosine diphosphorate (ADP) cU.naJI ,J>\£ Oeo>M <?f"W ^ ny^'A 
Ji-o <<a!iJI ( j-o_i-i <iUJL SpLiJI jJj^VI jIj-oI ^ Sj^~JI iSUJl J 

j^-i Jtlilll ^Liiil (jl .SjLil Jill <fLk jlatl jl i^jj^JI ^ j£ 

SjLjLi ^ j a > j_a I <<L2LkJlj ( -■! a ... j II 4>j_oj ^j^Uol^ ajLaJI JJ-j-j (j-o " 'i j 

.^jl kJI d>a-oJL JjiSJI <UiiJI li* (jJI Jj-loj^IJ 




alo,„ Jl ai^j -(jLu^JI ^ <ATP) ...all oej>^' alo.i.JI dliej^ 11 ul - 1 2 "4 Ji-JJ 

J j -> n I f aJ jLj-llj SjLaJI ^.Lcj j"i ... nil jkLLo jk jjL! (jjjnjl) ^ <ADP) pi i ... il l u^Lij (jjj j>1jj1 

a _>j.j L-tj SjLcI JjjJo jx. <ADP <>> ATP e Lij SjlcVj .UlsJj Jj^a. j-JI J;>liiJI (JjU_JI 

<jl 45I .(LiJjjljyl jj-o _>J^1 IjAS jj J)J Ol IJ JJl nj) tfjjl 01 nil ia.jljH» I 'ijlr <Cil j mill 

.(<jjjjjl Ipi^kj) (j.m Mill (^jJI jkUkll j-lliVj .jkbdaJI Jjlij LuJc i_i^j 



_ <tj">l a 111 a 5 Jojj jLxj (jl i_i -s j <Slj -> II (Jj^jj t<i_>l-> II J-^l jH 

jLajj u^ajj .ATP rlijy ADP -j _ L>**^ UJ^ 5 6^ iSJJJ-^ O"^ 

(^j^j .<aJLxi ji^t ifij^Lj iiLUI j SjLaJI jjkl Vt ml Jr.Lij j-4 <(JJ$ 



(j^Sj (^ill (^jLs-jJI dlj -vol! JjJlj ^LLo SjLo I 'i ol uia.1 jj-S J -k^'t 

tf jJI ADP <> ATP 

£_i_uajj <d j£j ^yjjl Ci^LcLalJI <La.jlj-a-> i* j (jl 4 mil ^LaJoJI Lll 

4 2 * * * 

O^lclijJI j_SJj I t~»-«- o ^1 La j ■ "Y"'J LaA-Uj ^IJI <3Lk]| (jV <(j<in .till j_A t£jl-aj 

j_a j .photosynthesis ^ j-uaJI fcl •> U J_cl_LiJI ±A jj; t5 _iJI 

Lijl ~> J-aiaj I .".I LI ^Li <ljj .C-Lajlj (jjj_>£JI Jj ui^t ^jLlj (j-o Cilj-lj-A JJ^JI 
Lajjj .(jiLt itiJI ^ L»_o (_^jjJI ^1 ->"ll J>r, 5 jj^t ft II isLUJLi <4jL$_L1I ^ <«Lc.jij_a 
j»J ( t (j 1 f Si J -> 1,1 <La-jl_o I (j 4 (J" n mil j» (j luaXSj ^ < _ f it C-LojjDI (jL£ 

>( ^j j£J| J mill <£^a-<JI 5 jill Lpl uj^jJj I jj j^j 

tSlj-> II ^^jjjjaJI ^uLluVI ^jit s-j-lAJI UiI m" ^ al I xu ^jJI U ft 'ill <j| 

I j ji J^aJj <j I SL-a II .^jLUI jjjjLSJI (j-o I ^ I U 'i j «2 J u>4ll ^—fl dLljj 

jjjuLuuVI » i^j tj LjJa-ui a j_o j^jN "' 1 1 ~ ' a uaJI m II .»■*.*»*« I dljj <CiLljj-aJI 

SLaJI jo" j .iSLLJIj ol%>al] i^l^JI Jo£ oLULAUl jrli:)M SaLcV £%>=J 

!_yajj jj-Aj < ^ ■» j J U II frl 5" "i^U LuojJ £-L»t CjLo-j j 1 I ti n-< n II Jlj "i II (jV 
'U- >1> " *Lajl jl n"f I (jjJ <-i£.1 jV frLi ftf <ij^>JaJ Jl J *l IL L^J n uu Cil!>-»j ^ 1 1 
^fi (SL^JI .SLxaJI I (j '> n i CiLkl im'i II ^ya puJaJ II m'lll Ij-A «-Lj_J cLIjj 

.jaxLa J^>9-j <J-uoVI 



lj-4 j i,m 1 1 1 Jjb ikSlll J 'l f . LjjLAjl ^1 ^ jJI Jlj-uJI Lajj 

Ljjjljyi i-iSjJJ dljj <iilaa.SU ^yAoxkJI loll ^ \\ n \ "\ II frLfpjVI jl 

j^-oVI d^LS LlJ .(j^JJ heat death ^J^^aJI oj-JI u '/» <ojI3IJI 



IjLi :1 -. 1 i Aj l i_l -t J <Ualj <LcJi .4 I 1.11 t^j-i uJiJ ^jii <&j_ujl Sjjj ^1 J n-Tl in 

.4"_»l (j '> £-1jj_u» (j-o>ll tjt I j-4 j'hj ^-Ls <lj_>l_^a. d j-aJI ^JLaJI ^^lr. -'3^ Jjli 
(J^-J - U*~* * ,' I 0 naJLJ ^.jl c<~i"i II CiljjJI J-ual J)"i hi _ £>lj^.VI J o" m"> in 

<<lj tj ^1 ijjjaj Ci )l 'k i II Cil^j -> (i II ^ i n Jjl .l_S_>^u2> jii" <t_aj 

j-LLj < j -yj Jpj^l ^ jJj .iiUaJI J-»J_JJ tjl^al ^.SC i_u ml <J_oJlJI L-Lij)"" iii 

* ' * * * 

^jjSsHju ^frl IjJ .ji » » — »1 £ \ i«~i_i iii SjLJIj iSLLJI pL>AS JjV <(jn<r>"i m LjjjjJjVI 

^1 ,1, TuTi ^yjJI I < mi's! » n jtl ^LiVI lilt J j mm i,i j ijn^ii' in ilj^VI 

Jj^i SjSLluJI Sj£ill Jjij LjjfcJ <Vjt .ia.jL^UaJI £J-i-=>l jaJI ^1 JjL^jJ 

jj^i j .Big Crunch ^jkall jU ...•.VI <JU. ^1 «Uuii c li±3 

(^-a ^ *H n,j <j*LaJ»V (j-oj-!l (_>u^-C- JLoJLa.1 ^-o J^lij Vl I I f <<j-LulJI «L$_a* jJI 
j^it ^jjjjli Jjjii (jl I '.'If J 'J^-ill JjJ^* cJl ■n's" ml (j^Aa-J frL n . J » I I j^^J <<Luuij 

...^ (jjjj ^JUU ^Lljj^^pJI JjI^ .i.fllL lii»UI ^.l c < .uVI ^ <^ ^ <ii 

Lui Lki. ^jjt (uJf^J^ J" "i'sI I liil (j-ojliil «C5J^^ JjLi*^J • Cr^ jJj-a-^J' 

•llilit ^.UJjJI ^XC. £\ I^JJ 'j^JuJo (^JLAikJI y I^J Ml Jjk Sjlj jl iOa-JuLU 

Jj) R. Penrose jjji* .JLiJI ^I^JI ^U^^l ^LiJI ui 
<j-* cr^^" 5 fU-^l J ^-J J ^ cJ^j'j 'f-IL«-ll jLj-a-^t (j-s _>^-a (1931 

^1 ^IjjjVI jU-.HI singularity j^iL Jlil <c\ .<ikH fr L_iSU ^ ? j ' t n ^ 
<<jil^JI jb^lll <j! juij «aU «Big Bang (^JojJI jU aWI 

j_oi <laiAj «(13-4 JUJI) jajI jjitn f ...r. ikii jU^WI tf 1 



<Ll1j JjLs l4 iM m* ml <L^jJj 4 »Ai V)i Lujjjjl I <Lj I jLua j»Jj Jj-oj <S.l J 4 U 8*1 
J-iit (^jjSJI ^j-S ^ lAjiJI Ci^n I in! tju^-J ,.U<n"ill JjJ> J-A 4ji (jl'tUVi jjjJI I (j *<K ftj 
^ l_Ajjljj J-ualj" m Ljjjliyi (2)La IjJ jVi <11L ilkaJ ^ 4_i If CiiL£ Llx 

j-ukj t JJ5V1 <J+tiUI cA£ jJ ^ roLj_i^UI ^1 

.singularity 

< 1 m JJ j_A (Jj*^ II J m ft I Jl n"l-tl j-lu^l <jLfl (JLaJI 4_jJx. jjL^ La-f-oj 

Jl ft L^jj <l*j <^_jjl 'it mi II I j_4 j .j jj-a. ^Lj 4 nil i a ft j\ Ul t "ij jjlj" » II 

^U_il (jJI <Jj->" ft J-> n .A" ^jl SjLall j^S jJ ^^J^-J .IjJalj ^ SjLoJlj iaLklJ 
(tiJJj £-o_j • 4 ,1 > < ti ,i (_£j-)l ^ II Jjljj £_o 1 La ijJj J-)l j"<"i in « mi VI Lujjjj[ JjLi 
ft"ij <jlj <^l« ml ^jJI Jj->"> <jt SjLJI J£J jli Ijl 4 j II d t< II s 

J it" 1 1 1 ft II (jAJJ ' (jJ 4j| ij^i i <4 iflTt o 4_ta. jjJI 4jljJLt ^ i m"i" j » inVI 

jJ La^ jVI 4_Li jjl jJjj 4jLi (<3Ua jjjj ft Vi uuj ft <jlioj j-uj 



Jj l-i.l I 4-i^a. jJj n 1.1*^11 (jii uliLaJLi c-Ljjill (jl dJ-i .lj 8 t jj)*s" m (jj^-ll Luj^>1j[ (jl 
^yi J *i» »"< ( _ r la. 4^1 Jj-l^-J JJj <4ji L£ j^ mi n Lc^jJa^o cJlj La (>o>llj 

UsL$ ^'sj mi idljjl j^-jjlxu ^jJI JjLfJ' > "> ^ II (j-* '<5LLJI <ili^ oL=>.j-<^ 

19 i & ' ' * 

.£-jiia JIj-lu IAAj .lila. 5jJJ^ 4 iKIl Lujjljyl (jl ^j^> jJjj jlil 





jl ^ ' "*' l ^j-lj (jjfl ^"i^ Lj^ ~^ .1 3-4 in ll 
j_5j_lj VI I _i I » < <Big Crunch . 

jj^i-ll f-J-i 4^jLj al \" U i c-Jj.ll La_i jjjjVI 

(jJtjl.AJ ^Ijj m l J^Jfc.J JJ i<l"l I *l \^ ajj .(j^iifljJL> 

singularity j j » *. II ,j1 Mf .; t .<, » „> .Uajj^LiVI ^ 

JjjiiJI (>> IjjiS aJsx.1 « j II ^jj) ^jjUj-LlI 

■ (j «ili"i_ i <j] ^« Lajjljj J^aljj (jjill 



(j-ijLaJi ^Lj ml J_^a> J Jl n"~>l g-Lxu inL <^jljjl ^jjL&JI j _ (9 J i/i4ll l(j LLjj in 

Ijl «Gt (9) T. Jacobson ^ m, ><U. <1995 |».Lt .L^j^VI 4Jl1. 

£_a <«nU*i << ajljjajl J -v >■<* (j->^. Luj_>ljyi j ii~n 4 9„U" o II (jiijjjjM^ SjLaC. Lla a J 

■ t~ ' a aJI t-> in 1 1 • S I j-4 j (LiJjJa * * ml J *' a ^ ->l m n II j Llj j_> "i I 

LfJ LiLilj Lf ll\ <j»jj-laJI (jxi-ilj 6 J m") fjl^ja^li 4jU o II < U'm I I (jLi <^Jj_uj1 
jjjllll ^^jLfiJI yLi 6_)Li*jj .<LoLaJI <xi mill j^-S (jjLLujjjl oVjLs«-o (3fJ^° 

!<LoL«JI mill ^j-S (Jjl* iti'ijl O^jIj-o J^a-j ^ 

^gS J J-=». J-o <j! <JLii LlLLlj lj jja. jl -i. i II Cljl nil jj^-i Lojji dj^JK j 



u »... a It j-£i jjJI J^-bJIj http://xxx.lanl-gov j-5j-JI JjjJ» (j* i^JI li» ^ _,jl«JI (9) 

.subdirectory gr.qc. 



5 J^aJI 




jlilll ligJ 5li^UI cAllSfl j <( _,i.jSU biosphere ^ja^JI (*_i^L»Jl) 
Lli'ljj <AiLUI jjfc j V (^111 f- CJ _<SJI Llilj .<iljjJI |»JjlJ ^jjj^JI (juLujVI 

^Sfl J*-.4VTi mi .entropy (^jl^aJI jj^aiJI) L^ilyi iiL iL^iVI jl*^3 IjU 

p (j-i J£ I (j ' a JjJ^"' ■ ( _ ? jJI SjLaJI <J(_ljlL> J^C ^ I ; II <* ' ■ " ° ■ (_£J-1I j-uJI J-A La 

(j-S jJjj V <j£J _ (j n~ i in ^jJI Jlj-mJI ^Jl n 'i iii (J i/iill Ijjt J\j-i^_a^ j^-Aj <La-*Vjl 
3 " ^J-^j ^j-ij ^ jJlj < ^~> U u i (5 J~ iii n {jx, <t_j1 _ j ui 4*1 C»5jJI 
CjIjJ-II dl^LLal ^^-S >ltJ mil <_£jj_iojj -pIj n& II ^_Lfc LjJjLilj ^^jJI ^ i iAl j-aJI Lta ^^J 

V .chemical proporties i^L^ ua La <ilik-a ?ah^ .11 



^^^M^^^^^^ttH -US 



# "* 

£_a LU 

LaOic. ^la* Ijlflf jj!Lo <j[ jLj < jLiaJI j <£,J_>il <LLfc ^ j ^J-e LpLi <<Luj,XaJI 

<_£Jj1 L>1 j . <LsLqX.! (j^ajjLlt <j-e Vja (LjlA J-»-Sj Lo£) j».l_>^JI jjj-a < i If jjjj 

Ljji_JI |JUJI Lf It ><'.j«-t I j~>"4" ^ II ^j-a J_m ua jS& f^^j LlA 

Lol .^jj^ojaJI j-> 111 1 I 4 i of Uj* <4 '"»'» o-i ^Jl ^yi J-l < J-ljl ty^J 

jlj ,3^1 (j-9 (j-a^ijJ CjIjULj iiUiaJI Jj-^ U ...II jj-oVI dj't'i uj i^llll J-naUl 
liliij (IJLa. SjLaJI <jjjLj La ^LaJiL dlj 31 dj^JLLujj .6jLo <ij n in'i La ftl-La 

(jj£» I flj< jJo *VJ-A jii dii .(jLi JjJI pLaJJB Luaj jjit J i/i~> Lajj i_>jijuoL> 

<l j t ft Sj-=kJj (jl i^y-fi ■ » L i jj 1 1" <£. j''" a qI i lj) a,\ <j (SjLoJI < i lr. 

( LaLaj LjJaLa j "I -tl^LSl (_>Ajlj (jl^J Ij-A • ** "> i ir-i (j_a£j (jl J " " -> ' <J-iVi 
iy J"J ta (jLi Ij^Jkj .jL^VIj JjLa.VLi SjJ-A-a. gj 8 !^ i £jj (jr. i -4 m.<! <L\*\ I 

S>£ljJI ,jJ j4^-*4 c?^ 1 'C-^^ 5 - 2 'f -3 500 ) Thales of Miletus J^JaiLo-o 

Jji <jii 'Jl ta II ^JLcl <jj^_j i/-»l jjlc. I nj'ir < jj i .u 1 4,11 Lt jjn mil 

Jajj .pLJI ^ |jjie jJUJI ljj» jl ililUI j-^/t'ill ^1 «Jfiij ^jlij 

jLoJI ^j-a Liii^j^ ^pi lj mil S j£AJI CjJjJ <<j_ou i_LTU idLlj 

f-4-« (_,Jl J^-o^il ji-fJ^ui* I,»*jL1 (jjjiLjjJI (j! jlj -fLjVI ajjl (jj ^jla. <LtljL» 
.^JLaJI ^j-i jl jaII ^jjj jj iii 4j I j_iiL^ jjr S.u j ajLo (jl IjjjJLtlj t^j^ct j-aJI 
. j 475-540) Heraclitus of Ephesus Ju l^il ^> 0 i.UjUI jij 11a 

J J*"' U J-oLc J>a.J (ijjj-uaJI (>a (jH ^jJI ili-Aj j[ < ( _ > ujJLL Sjii (Lojjij 

.jl j-aJJ <Lj ■■■Vl j <ol •> » II ix. j o > o ^1 jLiJI i_il_ui1 j <agent of change 
(Lujij .j 432-492) ^"is,,^ll Empedocles u .uK ja^ ol ^t; _,l L (jLcj^yj 

Jj V jiJ tj-°J ' 1^3 8 jLlllj ^1 J-f-l'j pLaJI (j^a 4_lLuoJI jl^j-ajl (jj^3 i_H i<->ll ^a (jl 
(jiLej Zlj-^' ti^ <0 — I LaJjj <^_>13I j <(1jI_)jJI JajlaJI IjJb ^\ i . fll uaj (jl (j^i 



.30 o^l .^Vl Sj^-. (1) 





^yill <J-JjVI j ■*l' t1 ^ j ..i_>VI Lla-a -II .j .^I'n II lia. JjLojAi uLjjjJ J-L»- .1 "5 JiAJI 

j^^LutJI i'lt*i Lijjjj ^jjl .-.I . . ~l ~ II I (j-^fj 'U^J^ pLojS (5^>? jlj-ftJI J^> ^LujI l^jl fj^jl&j 

<jjLLJI jf« ...ISlI j,_JLiLj ( _ f lc L$J I u ■ - Ijj ■ - jjaj-i [3-«->VI kiaa oil Lol .Ljj jii Lf jJI jl jjJJ 



j .^l'"- ^ ■■■«~ l-l~~ -II li* (jn .^ .j 600) Lao Tsu j-^jV I j I ^1 

.(LJk* ,SjjL, .<jJLlu ((jiil) yin j*j>j <jLa. '^U-jJ <_£^) yang IliLI (jjj ^Ij^Ul 



oij^JI ijj> <jl£ oij .(1-5 j£-<iJI) pLJIj jLUIj kJ>^'j p 'j4^ 6-° uS^J J 
u -_'l<j<' JI>Lil ^j-lt (LiJ^^ .|i 322-384) ^^LL^L-luJ ^j-^* 

« _« .« ,,,, " * 

j ,^A\r ^jtj t< ti > tVI <_ijI_o_luJI S^^JI ^j-C Lai a i LflJjLa - <jL^ 'ij*^ a a "~V^,J 
Sj^JLt I » "' ' La-i-4j .<Jjl o mil Sj^JI (jjJ ^jlOjVI |t II * ll 4_oj^Lo .'i'iK ■ ■ ' '"«[ 

(jii nl -> (jjio J J^?-J *JJ_H^ Jl la jJa-ojjl (_jtjjl J-i-S <<JuljJI j-i J-o^ mil <LiaLa mil 

* * " ^ 

.quintessence ^a j^JI ^ <£_^LJ 

Lajj <<jj i/-i'ir (j£j j»J Jj-oll 6.1a ^_tn^ <jV iSJal -> jjl£ Ijjk J£i <£jiaJLj 
<L-ljjoJ> 6j^a.j (j-o J)^" II ( j*^ V jJI i^juoljliVI CjIjI o mil jJk^a. pi *lVl I IlLt 
<jl 6jLLo ^jjl <fL j( j 8 n I I J J mi") J ^J-«3 cj^J <J,>a.J-e <|»_L«j La£ <jJb (^jJlj 

I j-A JljLoj << J n AVI <-i-lL) <J ft_> ftl 8 fl 5 A. <«i Ul ... . II c j_o I lu j i ' . a - ~. II 

II a UJI j\ i ft i<~i (jjsii 8 aJI 



jji^ <<LaJaLk 4 II j <«-il 'i % II Ci >1 *S (jlj <j i«-il 'if J^-a-J (_jiljj-sl (jl 



SjLJI J.A : J .^ill Ij-ft i_»U ^ (jft<j ^ jJI JIJ_lJI £>L ,jlt 
<j>aj; jia-oJ! (j^>1 s jUajj ^discrete SkUlLa jj continuous (<Luaic) 

<j1 ^ 'i » > <4 « Ui" 1> SjLJI <j! £t <j i tA II <jL$_iV La ^1 j ,,-,1 ' t » II 

(jK LJ <?SjjJI jJt, j Sll <&>*J j^i V lA if* l ' ,l "" > ^>?^JI 

J-oLlll ^yJI (jjoiLijjJI L=J jli <lj i ijjaJi JIj-lJI Ij-A "LLOH J.'^"' i.i ft 11 

6JjJj <jfxi <jj .UjL-eut j^Sill (jpU (jo JU (jl^ IS j^>j 

i_jLa-cVI ^jJ^ Sjjj-ussJL LjjSj ^1 <4jjjJ1 S j( 8 II ^j-Aj <(jjj_>£iJI (jjjLi (jo 

mii JjjJj jL>UVI <jj^c o^Liij ^^Ic I ... T.ij-a jl£ |>o ftf J (j1 (iilj <UjJjjaj 

^AJI <(Lfj£i .jk .j 420-450) Leucippus of Miletus JiX^L* <> Ju jn n, jj 
.SjLJI <!ij <i 1 1 nf L$-JI t> <!**"' ^'j^ o-° Lj-il^j ' ^ j .'j .' SjLJI jj ..-i" 

4 j 1 ft 1 1 «LLp (jl£ Ijl. V[ SjJLk (j>£» (jJ SjLJI jl ^ qmj.'J 111 jrL>- J-Sj 
<>j J-J5 JljjJI ^1 J£ JV .^LpJI 6jJk ^1 J-^. (J Ijl <l:V <<^UI 

1 0 *««* jVJjJI <ijJij LlC ljo> SJoaj Cul^ CiljjJI (jC <Cj^i (jLi <<iilj j_aj .JjjJo 
Ciljj (jlj (jk 11 J Jl^-iVI (j-o £^jjjJI <A-<Jil J ^fcjft-s ft Cjljjll (jl 

t J_i j" 1L SjiiJI 6J-A Ci-Iujj oii jlj-oJI oljj (jx. » Ql't-^" SjLo 

Lpl ^ylxj lift j <atonnos <LjL ^Jl iiJJL I j "tV^i V ^^IJI iL^iVI ojo mi j 

(3-o ^..U .j a a-»J 4j ft ,h*i II tsSJt l jUa] (^jjl (jl^J .1 j ftj ml" Vj I fl"V )-aJi ( j*S . o-> V 

cJi-Li <jL£ ^Ul .(Li-j^i^ .3 322-350) Democritus of Abdera I j-jj-j! 
(jail otjj <-oi jl <JjUJI S _>iaJI (j.iUj^^l^jj j n"i r I jJ5j .od-^l TaII uJ j mljilL)) 

Cjljjj i 1 1 oljjj 

(jl ^Tij jjj .^jTJIj tl.j_i!l=J)j j 1 ^1 ill oljj Jj-a.J <l 'CJ^j' 'jJ '^J^-J-" 

(jjJJI it i(-i t 1 ijjljj Ljjlj i^jijJJ I . nLft" <Lo^^Lo Lj-jlj <j a JaJ itA. ^jijjl oljj 

.(J^ Mill S^J .\"l MlftJ jl I III ftj 

^Lji <(j.A-JjJ a J jVI oliH'i ■» ft <-a j Iri *t o j-o jliiVI 6J-4 Ci^l£ 



^ o n ,\ A *i ^jJI <(Lj_jj_Lj .3 270-341) ^j-oLuj ^ Epicurus jj < 

ylc j iaa ' Aa.t •L^tjj (j1 Jjj-i V j3">"^"j <<(*>_> it alt II j Li^jJlj jj» itill 

(jLj Ij-A ^ « LjJaJI (jjjLiJJ ^ i«->->" _ I j *i o <LaLj.ll ^ "1 ~> tj^iLjJI ^jji^-ui j-jLtol 
(j «JLaII o<|jn rJj^LoLtJ ^ylt «Lj 1 n SjJbj ^j-Aj - ^JL*JI ^jjl i-ij^Jj-L-iV I SjJklll 

.atomism (5jjJI a j n.H j <^JL«JI ^ jj^.j-11 jj^JI ^ SoJJf <j| Jj-Ij ^j_ll 

jj'>ill 5jlV»ll iiA oj u<~ >l jij .L4J j Lf UI iLxjiVI L-aj.^ i%i" Lf aJI 

Jc& ^ Ujjjl iy^Jsu .^j 55-95) Tito Lucretius Carus JujjlS J^jijJ 
(S-" , -> Jj> V 1 *^ '(flf^M olaaIs) De rurum natura <l\I^ 

SjLfcl jjfL! <j_Jil£ <Jm ol -> II tjjJ&JI ,jJ| Ij jt »■» i_il"'s II I j-A JJa jJij .<-i^l-ij_i \ II 
v_iJii<JI ^1 JjJ^. ^j-o S J jjJI LS lt j'ij.W II JjiaJI jj-o Ij-ij-o ill ■» 4 m <Lal fiC\<\ 

jj ini II 4 't aj (j ft II ^^j-A j»JL«JI ^1 iSj-tuLa Cxil^ <<L_jJLll j»_^jjJaj tljjl^j 

jUJVIj ^jUI ^UJ JfjUl jiVI ^1 <L LiVI ^ <dJj 

"ft " i »^ * -*o tf 

i_iA3ftll ^j] (j^i-JUajU hijI jiaj <<-f^-J OjL^ .<LUaljijjyi inUII Lflj - jjjjUl 
(Jj-lu Llo ^-."i no V - <£.ljjV Li^La. - (JjiJjj ^Ijjjl Jj^a_a a^jlcl ^jJI «(^jjJI 
jJLvll L4J jk .n"tj ^^jJ! <LiliJI ?j 'hi II 4jj_aJLll jj mi" I ^1 ucu V <pI jJjVI 

(jl oljUJ jjl^ Ijl Ijjjj-^ u 1 ^ tfj- 11 - f^UJI ^ ^jj «Li| ^ .^.aja-> II 
oUjUJI ,pjU ^ Jlii J I j „_> V <<X* j£iJI <ii*J - 

jiLil) LfJUflJ jjLj jJ Lo dilaJ <£>=>J-! (j^-aJ <^ilLI JjLluj ^1 jiiij 

.(3 J^iJI 



LfjJ ci~> ; <^>1 Ji S jjj^ <_yu_JUs jKil jjlj S j>3 cut£ jil 
JJI Jl> <cs^\ jliiVI _> JflSJI UJ| »Ju-it J o*j c^^iiJI f+iJI JSJ 

jx4otLujs alchemiStS ((j_ijMjnjA.il) 4 ftjjsll p(juu£J1 J (j^ij .tiftJI CU'i-m aii 

*" - ~ * 

<La.j J lijlc. o.iij j^>JI _yi oLf^- J ul f-* •§ j ft II j j 11 1 A ft H 

_jjill J i i u,^ j ^JLaJI Uaj~ Loolt <iiLlj jjlj .^Ljj^s Lj_oj frLj i a II » L 

< j)U mjl t(j ninit £_uo j J-ll 4_J_allll f-LjjUl <jjLaj _j jJI J-iJ Ju II JLaJI j-ix. jjLuJI 

ajKil «La.l j-uj Luajl I j a uu£l (jjjJI ^1 ./>.<!! J (j, j I nil II Cwia. <QajJI 6 ±A 

4 alA ill _£_£ill iljlll tj-o jA i'ii'i <j! JLaJI lliLfl j-a 1 V<<[ flj <Gl jji j .<-uljftj^ll 

_ 6_^s (^c. 1 il _jj-ll £>L\3->-JI j-i^ ojji j.* dLlj ^c.u Loj — _jnj II Ujli mjl 

# J J 

<jl£j <LuaJ J J .A "ti l j J-olill (jj^j^LxjVl <jL£ .<i_iiaJl Jl k-ijJSI f-fjl 

J-oLlLl <_yj_JUo_}k-LU Ji l (j IfttTl m l jJI S jjjJI •JILUI JI ly.-n.ft £>dl (^lAla 

iiisLLaJl Sj's i n II Cilj /A j-UI ^j o-s CijlS jil .(£_>jJI '-i ft j n 1 1 jLiA-aJI < ,i ft j n ^ 

V <<lLob <j . .ili Ifl K CmI^ tiij-ua Aj'ijaVi CjljjJL 



Jj^^ <SjLoJI j a ■ ' la «Lfl_)_*_o JI J-j^ j" ^ 1 aJjlJI i" ml jJI <0-S^jJI 

CajL^ <Gl j ^ j; hi^i oil is-Lxlo I jjS .6 jLaJI <_aja">l <Liilaj jJI OlS j>JI 

^ e _ ^ _^!* 

(jKm il j(| mil (j-a ol ^1 <pL-<AiJI J-LC (^ju j m-\ 0 II tlLlj (_>-o < 1 1 'An 

L^Ja-Jj «Lt ,) II js_tAlj)Jl (j_a (jJi-J (^f-^ «<jL»j-ll J (jl ^ n ILj jlj-tVI 

SjLoJI a * ' Ja ^j*^" J-j-fi .SjLoJJ _jj xjI i o II Loj^lC I ItiJi n't \ (jJI pi i .«->l,^ IL> 

(Jjjj ^jJi .(2-5 J*\ mil) _>iJLll JjaJ La.1 "> a a cj'^f- 0 -" u 1 6^ ^ 

Jt ^4 c^^ 1 '(1794-1743) A. L. de Lavoisier «i_ujl>iV jj <jO>l Jjkil 

^jJjJJ <JI ml ft 1 1 * I A > ft _jlj)J^J1 I ■ t^*! l,A-> 11 t\ I ft l*S II l_Jl J-^lj 

u'j)^- 4 -" JLaaJLluI (j^ol 'J J^ <" H J _5J_)jJl (j-o ^ lf ^Ujj .SjLaJI jlj-uil jLaX.! J 



<J *^>_o-u< Lf li\ <i jju ^ <jjJ)I jilf <Jnt1 ..il (jjJI idljj tiiii (JTJjISj ,*jL^ uLV* -2-5 JiaJ 



^Li U£ j <data (cA^LiaII) oLk*-JI ^ patterns ^jLLi jjj oIjj 

5 j iTi O-oj ^jJlJI S^ojJI 1 a, n 1 a JJ i jil till ^ j^jJu (jl^ 

J. Dalton ojJIa <^a. <jL£ -u>jJjJ atomic hypothesis <4*>iJI *h? ,A j- 5 -" 
jIj f^jxi J^i ^ i^LJ t JijN\ LLu^j Jj^lc LlJ (1844-1766) 

(jl^J (j-o A j inf. A i 'tl J II jjLaJLi LaJ ,J-Aj (j*jjlj-aJI ^£*i^J I o J ^ J^*^ 

Jjl ^Jl <e>UL <UI oaj ^1 ^ cLUJI dJU iicljiUI £ jfl a c^K 

/Jj^ 1 lt 5 ^°y a ' Institution ^ILJI j^jlJI ^ Ulifi Sj ^ 

cul^ .1807 r U ,1803 A U 



— ^ .» ^ 

^jLaajSCJI £j| jj^JI ^Ls <Jj ,j-aj <l_A jj-aj <Jj£ SjJ JiJ J^t jj <jt £_ujLaJI "jj ° " 
blAj .l_a*L£jji CjljjJI jaij Uolfc ij^J cf lll <Jj£JI ^ oljji'ill J-i-alj jj» 

(^j^-luj^-o) &j+L* iso n "■ ° ij- 1 ^ Sf- 5 oj^e ^j-" <tansduction 

, s * 

<LLL2 macroscopic (g_> ;j< ■■■ j^La) i^L^ L^Uj I t-, j-o microscopic 

J \ (£.J-uj (j i*i > \ "» II g-l 1 n <*S llj frLlj-lAjl ^ ft I T j> ft (jlj .J uaj-U 

<(_)-aLa. <J _ i ^">ftl l ^1 Jj^o^aJI j^JJJ ' ± tj - -* t(£jj£~a ^yjl <£j_>£LaJI Jill 

.CjIjaII (jjLj^Lj jjLtol pi ml ij ^Jl (jjj-iu (jjjLiLcu ^jlll ot-LuLtftJI 

^jljjaJI jjLq-uJI _>a j 4 1"> n ^jjLLdj «LLaLi_a <j S I" -s n II j .<al 'n II il>ljj d£. -IAS 

a^i*^ ^ Ul JjUDI ^.1 ^iiVI £iLJI dJj >*j <caloric (JjjjJKJI) 

<(_JjL>^ JjLo (j-^>t 5fjL*-3l j-xaLjjdl oljjJ (j^ ^-fj -(^ J *H) S jl j-a. 

Ijjo j «£jl j-JI ,Jjl !([ Li jbJ uaJI j i^alla II oljj Lit .ijj^j «t£>*JI (j-a I () i's <vj 
<jLl2jVI lj-4 ,jt ^1 SjLiVI JA^J .L^*ilj^> ^ Sj ^a' m n (j-L^I L^lt (^laj 
.' 2> ULoj ^jujj Al '<JjjJI <J-"=> jiU <Jj^>aJI Sj^ill <L ia. yJI JiiaJI 

^jlc (£J~-^ ' Jji?- jl«it| g-J lo" ".I ^IjjjjJ (j^ijJIj JL n ■« "i i il l JiLkj 
I (j J I" ^ L ya Jxi\ Lf jJI _ j tA'\* II i_Lk.t - JjOji^JI Sjj 5Jj^ ^1 «Lj iii'iILj <jljj 

atomic <jjaJI uljjVI a\ \ ... \ II i^jUl JliJl (_y.Lt J-iL? jJj .1 
<ilLLa _>_ii. <->jLaJj ci-iL^ -oVI a, ^ fti" inn |»_luVI lj-4 Jlj Loj .weights 
^ylJI <L> j i,-i*tr ^j-i cjljilll Jj-»j (3 1*""* c>lj i Aj-i ^yit a ft'ttj L$J 6 j-i 1 1 1 i" (jLSj 
3- J*s itill) I (j ftkn ft j_j.fi <lLLk. «Gl ft " cxjL^ LIa j <jAI j i^i'ir Ciljj ^-o 

<(jjSi,laJLaJI (jjJ»J <jLLi. ijj jJI JjjlJIj <UjL<a^i JjLiji* ^ n ^jl iLa t _ f Jl "■■_»•? * ^ (2) 

Lijjijijjj o(j j ll'l'Cni .6J ja. jAC. ^jLJI <JIj..,.iJI ij\ <U jJ^ij La JSl (jlS ill 

Jiii^ La j -alt oljj ^jn-^ I leu .Alb 5a».Ij itiS "J? j oM^-LilJI jfi ^ (jiJ) 

S jjja. ^ j ij^ojiJI ^jj jjiJ .(iLils ijc Lj iAxj >_aJla-i ISOtopeS _>iUijJI 



7 .m< SU du>JI a* £."*'"' 'u^?-jL; J f4-" o-° Sj^-Ij Sjjj o j? ' "^ Vl 

Jl ft»~> inL 8 jjjJI y U*~ .<3j ^yjJI cil_>U» oil (jLs <4_LjJLiJI 

Jjj -> " I jj-oj ^as! Li* oJ^J ' •uf^-Jj^f-* <j-° *J-° 1 ^ i_P*->l 6j"> '"^ 

^ =* ** 

.<JJJJ (j*^ °J *^ I- 0 



o 7 

0 



ELEMENTS 



i 

A 44 

© 13 ^ 
CD ?4 

20 L>li-<. * 

© - - * 



(D) 



• 23 
28 Ijjio 



42 



^ 68 rJsfJ L 
50 jj^ 

56 ^LJ 

90 o^Uaj - 

190 

(D 190 ^ 



o 



167 



i^lll .lij .j-it j-^LiJI (j^iJI ^jVI ol^i-JI ,«j <jjiJI uj^ 11 - 1 V-^j^ .3-5 JiuJI 

d-ij Kjftl l fJi J^JUo *Lua*1 (jJc 1835 ^Lc JjVI 6fJ^ 19 ^* CijaII 5j-i-oLa-o Lg-ojJfi 



CuK Ska <ajLail <LjjjJI <Jt-i^JaJI j jjixlj Loji <jajjL\ J^' '"'**'_' " 1 U^Lk j 

* * a * * * 

jjA.ljjJLi j> mj i jj'sj" II Ljlji" nil dLlj (jij '.< i olf 4jjJaJ JjjjJIj pi - ~ 

<-Jj "> II jjJJ J iii'i CiUa^OLo A -y i " 'i ,jL£ J_j < Lai A j II j ^ ">.,"<. Vj < J ni^ II j 
lui Ifl 8 lo n ,7> II -LjlVill a j-A J-lLj jj £_aj .J1*JI jLatl £_o <i_!LjJLoJI 

jj-oj CjljjJI pLo_L»JJ &jX 4 II 6J-4 ^ *H "> Cj-jL£ <CiIj'> mi 6J-C. JljJaj .J-Sl jJJ 

ft (_gLi LjjlSIj I j i iti o iii il I o ^ I <(Jji!Li Jj I » " (_jjJI qLiI ni-» II plj^y 5j i8o 

^JLc Ladle iLujJij 1 858 j»Lc .-.a"-^l < lAjLaL-gJI j\ U» ft ,j^J .jjjLj-aJI Jj-a 

S. Cannizzaro (1910-1826) jjS^LS j» <*■■_> )!'» <*■■ iJU^yi ^LLIIj ^L^JI 
jis ,iiLlj ^_oj «4ij^j_oJI j_uaLl«JJ <jjaJI <jljj^-LI ^Sj Vja^. 

.<jjjJI 4-JjJail! uajLxj <j itif ^ iiil">,ll (jj-9-JI j^-^ Jjl-fc.i ^^J^x t jjih'n II (jAaj 
<La ua ^yic -^^ II J-ua^JI ^ < I ft»"t m nil <!LjJl=JI CjIVi t" II CiK j3 jij 

1 1 ft > '(jVlj .5j i»l i ft 

£t ^ jju ,Jj .(4-5 JUJI) SjUI (> iLuUl. LU: J^i oljlJI Li, 

jxjl iti'i II Jj-LijjLoJI (jajJtiaJLaJI jril ) (_yiOj" t ) (^jJaJLtj .LAJ^a.j ^9 i *l i ti 




(jjJI j^^LlaJI Jj^ ^Uaaalj ^ oul *i"> J >^-J o-a CjI j jJI J^2w j ^j^jjlj ^"'i' i n .l .4-5 J. ^ M l I I 

J j . ^i-h H Jj< I ml (^jJI t jl |) ^ 11 -l_AJ^2fc.j < * l mi fill g "'J JJl» I 'l X nj ij^lj .ijsil \ \ I ( j nl I 

I t inLtt Ijjjj lj (| -s /I ^ n U1J l^j'Cjl mil <UlL^ U hi ( _ r lt (3j^jl mil ol jil 4 j j 1 0I I ftjjfi 

^U,,, 'tijJU <Lu>C *5jj <l) h .'..■> m jl^^JI li* .Scanning tunnelling microscope (STM) 

•csjj ij"Liio resolution (J^lai 



Jj_l<=usJI pi ala II J-ijj (£.111 £-Jj-ajJI j£. j i tl'ill SjjJ^VI cdJj Ci ft n if> jl < j ilir 



J ^ Ji o ^ 

Jj_o «(2jjJiJlj |» J iii S,jjj£j i ij^j *?! j 1^ iii j-A Loj SciljjJI (j-A Lo <(jjl 

jl j*C ft \ V L$-^J ,f, LSJ > ^ 6 J *> r i_Ls^1j Lo ^^Jfc CiljjJI jt-J < j > I ')Ljj-iJI 
■ I (j *> ft ji i^-il CjLjj'^ ft SjjU J^_$-> V ^ ') •» hi '(_y-> j ^ ~i II j-o ^-0"°^ ^ 

olj i^>1 > II £ j^ii J^-oj i ij's <jjj y 1 * 6-°-* j-«VI jl£ Ijt j£J 

jl£ j5j I j-A . . Xj". II ^ 'if jj> Liliij CjI i italaJI ^^aj jV <j ./-.I ')■» 1 1 j II 
J. J. jj ■-■ a jl~ j-A d -ii^.1 J <Llx> oljjJJ 1 8 -> J^j_> <j| Ltl j-° Jjl 

J I j < ft n II j_* 5! 1897 ^Ui j_l4 'Thomson (1940-1856) 

Royal ^ <l I » II ,i o » n II I j_A lil ■»'<! <jicj aJj j .ol jjJl j-« c*Li jj"^ IVI 
oLijjJLSJVI cxluZ .1897 ^.U J-^l/jl ... j 30 £_jjLLj Institution 
<j-o j» .j cil n j mi ^ <subatomic particles <-jjjJI jja "'^ " .' '" ? 11 

.LLLlj Ijj^jj <^il ^Jl ^ 

i» 

Jj J mi "ilLpjl iJ-a- <j .iii f ^ ml " II (jj-S-ll (J-0 S j i V I Cilj*< mil j^^-ij 

(jl (J *S ft ft I I (j-O jjAjUiJI <CjLjjj"l < S IV I 1_LUJJ <Lj_LiS_l I ■» " ' I ft t i 

jjC CiLa j 1 1 ft <j1 jj^J f^J < Cil-jjj'i's IV I t_sVI 5j i-> j SjJ ^gtlaJS 
.qLj j^lU^U IjLuJI ^ajL^^JI 2''^ ijJI JjLxlj jj;^ j-a <la olj Cil 7- 

E. Rutherford jjj-ijjj cj m'tjl -\ > J iA 4 1 ii^_i_oJI ajjk o 1 a jij 
jju <j^>-j jj^j £$jJI (^jj^LjjjjJI (1937-1871 ml't uij] jj^aijjj Jj>LII) 

nucleus Sljljl ^1 1910 ^Lc J^a^i t^Ulj -j" ■-• - dJj 

ji _ * - 



.SjiJJ 

si 

fj^a. (j£. ^Lkil (jjj£» (> V 

jj-o (j_i_i^_o Sj mi r (jLi IjJ . ^ j "■ * .j-oLl 0.3 ijjj 3x10 ) j " n II 

* - 

<olj < ft jj n 3 f£^-Li± <J jis (J » mi* (jj » LflTi ■ ■ ■ * li-t. £-_iLjjJLi ,3^11 

f jj i^i'i jjic. IjjLfl a3 .- («lLLsL*L1I) ilajjioJI ajjS JjiaJ UJ^" 1 iii L$_i1 

o ' i f $ 

^XuaJ jl jjjj <iaj_iJI 6j^J j i jj J j mVl ^j-o (jj^- 1 -^J ■^Ij^-H a-AJk 

■ il)lj*irttlft 3 4-iljS SjJ (J^ jiaJS (jj^J filLaJI a JJt ^ j (liljTua .jJji 3 L^— l_^La 

L4J1V <i±Lla£ Jjj^" J j 4 AA.Va.JI j S jj \<. oljjJI (j}j lj-4 

till. ■ -~ oljjJI (jl (jxiLjJI - ta ■* a (j-iijj .1 j 1 -J J «=- 1 \ jliVI (j_» Ij \\'\ ^gj *i 

(jV tA lii <jl ■ 1 ^ 'j I ' -w a j it's LoLlu^J d I a j Llit jJk liJJj ^1 l-lj uJI 

j It i J j^JJ 1 "> II 1 -> Sjj j> _l ~> ^ATl Ljj^.1 iiij La_aj . L»_jjjj ijjlj > 

.^TLoJI (j^ Lu^S LfcjiaJ 

* J * * * 1* J 

s j » f i ■ .^yi (jji i j jl^ ai j <LlA_i1 jI j iV a i a. ii ~j ■ ^ s_>jJi si^j 

Li LjJcLl^j j^J lift ,j£J fl^a. Id^. Sj jj> i«-> L^it QiiLllI paXd (jJajJ .Lj.l^lj 

sij .1 (j K iii jj Lr lx. JixJI SjAS (JjJLj jKiVI 6 OA Jla jV <6jiil ^jJli^yi 
jLSJVI "''j;' ml (jV a ^(j-i ijLc)M ,j1 (=■! « U II 1 1 5-^-.' 

_ Lil^jj I '1 jj I - " |j| Ijjt _ oljjJI J*! a Sjj i 10 pi j nil ^Jl j 1 -j*^ 1 "jj^ a II 

(dJj (j-o |»XjJLij .^7 J_uaVll ^ iiljl j^JI 4jjiajJI (^jj-^. Lai) jt ila ,11 jjj. 

^L*j tjjLuij SljlJI jJai (jt ti>jL^' (jjijj .Sljj jJoi jjj-qj fJiVI ^^ic iJjLLlJ 

ijlji Lijial Sji SjjJI (j! 1 j L a * lj[ IjJ .SjjJl jU (j-a k_fiVT *J ^iT ^ Aj».Ij 



.1912 j^U, (iijlll) «nucleus» - 11 J ,> Jj1 jjji jilj (jlS (3) 



(jli l„Kft j .j" ml nil j nif Lt^JaLS l,Aa. SjJ* . «-i 4 ^ Ul (_$^yuu tji-a 

,isLi j]\ il'jjH Lf Zi\ " Lilll it. .11 c.Li j U o II jjjaj <LlJl 4 1 n.'.IL Si ^lll 

^ *i *> tf $ ■& 

"jLIL Si jUl j ) u mi (SjjJI j- a J <t i mj IL ( _ f J-=>. j fl-L*. Ijja. Sj.ii 10 

<jjjill pLiJaill jLllx. tjj^J Lojic j . jf-aJ J <lljJ~> (jV <LLS I d I <Llcjj1 ji irJI 

.La Jjx ^1 SjjjS Sl^lJI ^jJ <GU <^jiJI <-jj£jJ jlllJI ^1 

LfrlaJ J Sj iti^ n Sj-xj^ pi 1 nil <Loj ^jV Sjjj^ CSJ^-I' 'L^J (3 "' 

<jaLJI &a mil ^^xt ,^IJI <S jjU "jjU-jVI mil <Ui ^ILloj ^AJI *^aJI Ifl-iAi 

.SjoU .LjiS <<lkjl <fc£JI jV. « <L*J .If-jij .1+* <V> Jl ^Lj^^U 

" iSj S j - * * * 

^liaVLi (jl^ jjj .^JjJI (jjj <ljlnf <J-* <J j* m"t ^dJI J5jJI (jM <^L»-fiJ lo'ii^ 

«Loj j Uli LoljX. 20 <jlj-5 l»X»J <iM ft m-^ <j-° frf " ? jLslxLluI 

J^- f'jJj lt* 6-° ^J^f ^j^*-" <c5j^ c$>^ 4 - a - tu 

- s e 

4 ft 111 <GI liLlj <Sl ^-ijii j ' ' * " 6^ ft 1 I j-A .^Ls ^jjf " |< ^^b (1>>^_>^I 

(jt (j-^jj'' '0 II Si jjJ Jj V <IU «(jj>*^-l^-l ^j.'l "'II j*i~> itili^ (I d">lj i«~il ^ I Sjj-0-0 

ail 

* t f t 

<Ci\ i-sj-a^ u 1 ! ai J uJj"^ lj l0 ' < 'm"»^I wiii .<il in"<l ^j-=>. subatomic ^jj 
I- 1 ' ".'^ ( u j> " i ^ VI Sjj Sljj ' <lt"t" j .(jj-s 0-0 Jlj-^ 'l-^ 
a* maJI IIaj .proton (^>ij>iJI jJt 

JJ i^r 1^2 J ft~t S J-ii i'IM nil Labile J ((j^i^aJI Cil ' L«al ~- ^jL. JjJ 111 ft II jj! 

^ ft ' 11 Jl 6 j_a i_S ui^" 111 *> ^jjj <i_a niSUj .jj 10 » II i n* oLjjjj^^JI i^Li ' ^jj a-illl 

~->jl 111 o j 1 il J j *■ a 1 " jJ J ■ o* « ' J_h^l <1 > ...I -It 

.Sj-o ^aJI j-. '1 1 yjjj^JVI <Jj^ 6-° j : jjjjiiy I ml SjI 1 Aft j 



:«uiljj f^jjj&l (j^j Jf^-j oS*-X>} i>° u^-Jj-^^' oJ^" 

(jjjJ^Jjjj (j^s ijj^-a Si JJ <j*J)jl j H J-* J t^lnl lllJI j-fl <?jM*i II <Ljj_aJI Ji mm 
j irt'lf Sjj SljJ j_j-fi CjLj^jjji_)_jJI JJX. ^ n < ii j • cjLjjJ 1^11 Sl^ajJI Jj-jlj-i IjJ 

A t^.jj^il csjoJI ja*Jli lj] tj^uaiaJJ atomic number ^jUI 1a*JI 

s i J 

^ j ft-^ JLa. j-A j <Ll!iLij(] < s <Jjl i "in SjjJI tjj^J <_j^ J <lj£-A j <2 *jjlfl U j 

(jV jJI jjj-L! L> jl in n S j^^^-aJI oLjj_>jiiy I C)j&-* <jt i— » a-j <oljjJI 

oUj^^u <jui Lj^ji La -Mi i^ii- sijiu il.L^yi ,t.« 

.<lil^J| 

jjaJI dJj (jlj <j i«-i'>f Si ji aac. .ii 'hi (j^-^j <jl (3^^"'^ ul 

Jjjja* j|jx.l Ijj^.1 (j 's n n I I (j-o (j' i> 'Sl^jJI _i_i's_)1j ^Ii'i'i 4 5 j <5 -fc ( _ y Jl <CLaja.jj 
jjJx. j *i « i LoJ-ic <LSjJLJ (jSLa-aJI <j-a.a < j in'if 

J-Sj -j^jl a "' a (jLjjiUI La ftljjx. jl^ lj| Lftjl < t"t ml nj <(2>J_>-^l (1>^J ■ "*> *> f ■ 

H. ^fLuj j* <_£jj-4 Laj^uI j lISj j U iiiI^-i LjjjjsJI t jjgjull ijjill jIacVI da-J^k. 

< G 5-jjLlI «iM cG J j>a j j .^-a cjj j j.,^ ijjjj .Moseley (1915-1887) 

jjjj .^jjjJI^ (jo lis j , -^l , > MjIS <Jq j8 mJ OpT*! ^jjjl ^l^ljjyl <-JJ^ "i-» II 

lj --a*- i_j j^JI Jjil 4j i*r "LuaLo jj <GjLoI Jj5 W. Owen jjjjl JjjiLj 

of^J (JjVI <laJUJI v^ 11 ) 
S jLjJI <jjj-o Lg-jl dill js j <<c!t> mil idisl 

LliV <j-uJI jL<u^ 4x.La_.ii OJAj j ^1 Ijjj ■■■■ li^ili LLv Ij-A jll 



* i. - 

.5jj J£ 



i "* * St 

\\ >\r d La'JIj 2 \< ». a JIaj Sl^lll Jj^. CjL» Jj*^ I^U (J^jJI ,_.iJ~^ > ZLll jjl^ 

6Xft (j-S I jj ft (j j 

.jJL^JI <i_lUI ji^j-JI SljIJI <±£ ^ <L1j1jj J^u US .Sjlil ilKJI 

. < jjjjiJI <ULa. i^l!La <<G_uj - CjLjjijJ^JI i a J (_£jja_J (£jJI J-A &l lAflll 

a ^'o.ojj .Lo CJ J[ 1 <A jdJJ I'li'sl <Ljjjij j^jLs pI lAi jJb db J 

<Lc.jU I ujLJ ($±Zj-> j <Lj>Sj j^jLi j^Lo-ij _>£ij j^lji tiiiLfl <^*so">ll <jx. Ijjj-jj 
Jj ^"i <5jilLj J) I » " n II j^lj-iJI IjJk jj '*i"Jj -jjj-* tj-Lc u" I a "j <Lclj-a J^Ljj 
<_i_LJ pLo-uj jt~ cljiaj I j a j-o ><i ■ ■ J»jS/l 5 j^JI j>^M Si jj Lail j d 

(3^. ■ ° I" V iiU aIjj ^ jJI el lAall jjji <jl .^j^jJL <i ita j -o Jjil ua 

■ 'I >a Zjj^.jjo 5jj 

■j i^'n II ju-^aa »Si j-* >* extranuclear ^jj^' 3^ ^IjilLi <dJj j 

oU jjJ^JVI jtjhTl ( _ f it Sjj) n *G-lJ jj r ii n Ijjl in Ub.jALo aljjJI jjj-aj (jAa. ^j-Sj 

JjLiu ^jlJI cjLjjjj^JVI «Uia. (jLi (^'st'll lj^ j-o I .Ail Ji^uj <<J jji. jjJj ^yjJI 
.^L^ll o^UUUI ^ kjLiuJI ^ Lj5: Uli 

5_)LLa_i ^Jt oLijjJl^Jyi ,jl ^j^jljJLiLj p.|jX.VI LajLLo e\ n\ri\ ^ U"i mj j»J 

ilJIjLoj fjj^ajVI Jj-^ j-a-S <_iULa_> jl - SljjJI _ \ j n -v 'i jjJj .^■'Clj'C 

^^jiJI ^-jj^lJI ^>lil .Uj^j! jJ <( > I ua fl I I ^_4j <<jjJ 5jj_u=JI 

H. Nagaoka (1950-1965) ^lili jjliii ^iLUI ^Lj^ill SjIU «£11>JI» 

Sljiil Jjjijjj i-il im"<V < y-ajlil lj»J lU Lkjjj^i Ijij (1904 jilt 



(iiaj-oSLlI) iiiiljSJI <j>ikiJJ I jlxo U.j>a: N. Bohr ^ JJjj a^I Laalc 1912 
,_jiJI LojUJI jJjIj <jt V[ p-j-oJI Vj -S^a-ll 

■ J i<~iji\ ^JiLlj LujJjj LaLaj ^ 4" ^fillj ^1 <GU hits Cil-uajJ LoAaC j^j 
_ LliLoj Lo£.lj jJjj (_£J-1I J^J » il mtj c^^j^^SUI ^jj-ojjl _ liLlj jj^-l 

9 f 0 0 :S 

^jJI <ijJLdl <Uj J)< Ml j^LJI -J iii-^VI < J j II J 4 U_l -s II ^yC _>J^ jji jl ^ "ll 

^-o ^Ji ."Jl ^JLaJI SLoj dragons ol \y~\ ILi .<i _>j-t j-jj^^uj^^-o ^.1 m^l 

I oSi -> (A u~\ \ i_SjjJo ^^-fi <oJ^f (jl (j ft*^ II (J-sljJ-U (_> ^ (j*^ (LajLj .<JL±LaJI 
OAjLuil j_yj.ll <<JlaLaJI t_Sj_>J»JI .<LLiJLaJLj Jj I * "ij ^S^-a. ^ J ■ <-> a II JjX. Ij_ujU 
^Llll J na-flJl ^ ftjjjj-u, ^jJI ( _ r ls_dL> - JLaaJI ^ <<JLaJI aj-A ^ II 
uxa '"H 4_i j » ■ jJI - j or j aL^_iLi jVI p I U n II I j_A J o » " mi I *' *«^ I 

.,^^^1 51 jJI «uu jUl ^jJI electric pull ^L^SJI 

jj£ «f I Ice _ J .Ail liAj _ Jj <yX.ljJI <*M flf- j-o J_>laj ^1 t'ljlf. 

<jl -UaA. tjUl uU (J^J <lj^-S :4j j^j-o Sl^j Jj^. JJ^J ^jlll cj^Ij^JI Sjjj^a jjtljJI 

J-i^t ■ jj i'i o ■"• ■ " jtJ^^aj J-*J <^ n U II JLxaJI jj-o J^^J ^-jj. fSjjJJ i_Sjlj ^Jj-aj 

^jl Jj <i_s jJLJI ^yln-JL o^l nj uia o km I oLi j^^ijyi tjl LlilaJi jjk UU II 11a 

t_ilSJI jjlio J.i i mTi <jjLjHI An mil 6JJ» jjl .ia. J-aJLj i in <jjJS^a. LflJ 
jJI (jlj-JI ^ jfl ° " LT*^ «7 J --Nail ^ ■■■j La Ijjfcj <<-ul j^JI <jjial!l 

jjjj it. <jJ^j-q Sl^p J^a. ^j^jiH jjjjj^JiU ^jliaJI (Jf^kJI <<JLaJI 6lA ^4 
jt t iii - ^ <GLSj (jj^.'S IV I j -j ■ ^~ I i,K i ill 't n II ^>-L£ (j-o <j| ^ i <-»") S i I j-A J < » a *■ 1 

-jlj-a y in t 

E. Schrodinger ^JLLijjj-i. <j-jjjl j-^jI ■ 7 J a II ^ 

JZj .oLij^Jyi £ i^i' LpLi .l^L. ^Jl^ ljl <Jll\ iJjLxJI (1961-1887) 



.CjljjJL d ilau cJI I j a jllj j^xi jj& <La.j-aJI 4>j-A ^ <Gijj_o ^1 4 I ~> > (jaj La 
Jjl ''"'*' ■■■j _ j ' »■ jj ' ' N SjAJ <J j tin <l *\ J-t i<1 ' ■ <jt_l (jVI <t I i i t La 

Lf*J .^'^^ijjjjj^i. iJjLx-o 3.'.'^*' g^LU ^isk-l (j^ - LT^ c£>=>-l 

^.Lc c/j^ij (p-ljja.1 5jMj (j* LjJjt (jl£) fjjfl iii jjnlf ij^-J (j-o j I i ril i ii 

J| L^i vilJlJ .1926 

j ■ ■ ■» " II j-i'' ^jj'^tyi <JiUaJ I (j J a »* i ill <LaLaj 5j_iLi_o 4j?U'i o CiLajJLo (j* 

.CiI^Llu Ja3 aS jtjJ (jl£ t£>^' 

T t ')"» <GjjLi_« Jjla.. (jl iijjuo I *>j If <jjLj_>Jjj_i CjLI iu-> £-jLaj a o a I j 

«•! jjj a II JaAj La£ <V <pI .A a II <j-o ikii J£ ^ ^jj>lijyi Jj^.j Jl nUL 

^n mi -ilLaJ J£ ^j-S 6jjJ^sJi <j£-oJ (jjjjSJjU JjJJBjJI £-2>aJ1 (jl ^jic <<U,\jlYi II 

SjLiVI Jii ^Vl ljj» o-o a5j <atomic orbitals <j_>ill oLjJjjJI J^laJI 

■ l3_l it-i"lll JjLUI jj£ n.jl£]l JO a "II 

•of?" jj-if^ Sjj ^ Liill <tSUJI ^ j (^jjJI ^jIjaJI <jj-4 5-5 J^iiJI <jlu 

Jl a"t -\ VI lj-4 Jj I a K < <<j ak'tft ^ (j_j_>l£JI (j-Lt Jjisull Jl a"i-J £_ua jj j-Aj 

— ? 

^gj .^all lo"al*;< ^Jjj 4-aaAjl CjjI^ LoJ <(5jJ La^ j . Jiill ^ JjlUi'll <iL£ C)jl j 

JjLLJI ^J^^aJI <^jL»JI (>o <J-ki <Ui £-l?>J Jjia Jj^i. ^.J-^-i j^J Jj-a 

{ ji Cit i Aij <ijja_a 6j j« C i L -> "> Ijlj .1 () nii't SljjJI j-A j-^VI Jl n~i->^U 

^ Sj^JI JAlj ia.jJ-uj (jji>iiJyi (jl c£~>- i - LU ^^-j-^ <SjjJI (_j.fi j a I" Ai n ^_Bl^j_o 
6jJ=LiLo Jl VI < a if. (jl .al jjjl ik <£. J i>~i jjj 6 jSJI (jj^J Lajjf. CiVLaJI aJaJ " 
(^jliaJI J tj o~ I i A il I *i '•fs n > <\±1 <^6jjX. (jjc. jwa.j^i aLaJll dlLvA jn 1 1 
__jjlii*JI (jj j^fij VI i_i -^j <dilj £-°J .Cajxll ^ hi a ^<jj^j __;jJI (jjjjSJI inlL 

j^^ill dUj (^1 'tsj^l * a « ■ <-«*» E- Bauer jjL ^^JLol <u;jj! cjj^ 1 <ijl^>lJ l^ij (5) 

.Leamington Spa _> c»1j5 ^1 <J5UJI _> 



ill J 




l-il-iA nil (jjJJJ .(jJ^.jjJj-A Sjj LjjJI <iUJI (_s j S jlj nil .-•Mj* "* 6J£ Li-* .5-5 J&mJI 

jil^JI nil (^WJJ .JjltVill iiliS <JVaj <kii J£ ^ ,jj_pUI ^jlc j>L»JI Jln~-J jjl ,„ Jl 

<(((<;a^JI ^li r.ill)) <j-njVI IntiAi nil .Sl^ill <il i. mi l Jbljj £_o ll^ol Jl n"l-» VI (j^Slijj . 



^ t n I (jLs <j 1 i ii i" II Ij-A Jjj Jj (SjjJI j-a 4 I (j XJ o <i l i n o (^j-lfi. L)J^ Lo»lic. 

jJI 

# - + + * 

{y> I Jj^. <JJ_>9 pi loall <Sjal* Ijj i<i-» ft Ljj^j^JI tiliaj jjj-a. Jji .\_>(j Jl 6jj (jl 

100 <j"> ftJI jj-* uif-^-M-^' ^ LA>Lja i i ir^*> <iUj-o) Sl^jJI 

(jj>j .s-orbital .^jLuJI LidJI <3LUI jj ^jj^JI ^jIaaJI IIa i^-*-^ -(j^j^ 

S <-9>aJI jjLi <S^IUI ^^it JlcLuiJ JLa. J£ ^ li*J <JJ*S «"i II t.tjUHI 

jLuU ^'tj-, > ,,,V ,\n~\e I <jl jjh Sajo-v II fspherical csjl>^ ct-^ 

.(^jjJI (jjXa.JjjLl^JI i_LJa JajlaaJI 6Juao 

<<j-«^5DI <jj h *> II jx. j_ij_oJI i_S^J«-j I n J 'i r — ■ ■■■ ^ " II tCi\ a nJI ^ J ^1 



(jjjlj ^Lfiajl 4 a if\ ) (_^jJI (jjjJ^J^U jj)^ » (jl Lijj^ I j hi i"i o i^-ll 111 II 

<£jljJI ^UjjVI jjj jU .Si jill J>2k jj .^11 (sj^i angular momentum 
y : <jU linear momentum ^LaJI ^Ux>VI Jlo «Gl Li>ij j^p. <3 J ./-.ill 

Lojjx. JjJIsjJI iila^ j_JLi icj-uj Ciil^ I a <(jjj«i <jJjIj-o ^^J-aJ (jl j-A <1^,jaJ1 

LIjLs IjJ <a j^_>-o (_j.fi 5l jjjl (^jila jLuj-o ^1 ^^Jx 4_LjLj <Lall£ J j Ik" 1 1 

- " If ™ 

^Ui-wXaJl sift jjjj ji .Si jjJI Jjik. ljji-^> Ijjl j Ltlijjl (jjjj^j^U <jl (j/ilVt ..n 

.•Gtjjj jJUJI 

Jj-^-J 1 a -""'^1 <(j ■ ~ jj i i (j II Sjjj 4 utaLaJI <GjjL*-o j » 'i Ujj-ixi LoAlc 

pi < " * 

U jjjil ilisl jiJI oLo-ijJI (jji> <Sj£ jl ji*l jjb liUj ili j .ground state 

ajjb ,J[ ajj'^'l £-Sj p'sn.nJI j-aj <<LJL»JI CiLSLLJI CjVUJ iLULa * ml luVI 
<V jl .L^ijjui LlJ Jj V <tJl2 <jJL*JI iiLkJI C)Ljjlj-aJ till n m SjX. <-cJi 

jjt UaLaul i.il"-^" L^jU <<jjj^ lfl»_>n-> <S oIjjIj-<JI {y> <ial^ <J ml ... jj 

<JJ>jJI Ji* « j^j-aJI 5.1m « II <jjj^JI pi 8 i li II (jjs < I ui I m m j ^^-Aj :SljjJI 

Oa.JJ .j^_yaJI SljjJI JjLiiiJ -» <^«K injxiLo)) jjujjJI l([ in ml (J7^') < '- A - GU JJ^' 

!jl «Uk. jlnj o1 <(^j'j ^Ujjl S CjIjjIj-oJI fcjjfc i^a (j\ ^jl (jjjjSJV 

^^ojjl^l Jj irti'i 1j_A jjLj (jJaJI (jJI ^Aii Vl I '> J I r <t5j-a.l Sj^J .1 j ui-li Si jjjl 
.^jjJI I j-A (jja Ci^l i i/i t" jjJc i n <l n-i. .All Cilfcl'i i/^llj (jJaILs : J -\~\n 

Jl n"i -> VI ^ JJ-t (jjij i-i j ^ '(^ JJ-^ j 1-<I 'i "l L^J (jxijj Jj-Li. <l iAj <illLj_4 

^ * ' * 



^j-i j ij tol l CjLjjIj-oJI (j-a i=Loj1 <j^Lj "Li>*-o ^ AjV j .LflJ j^. jklialjL <£.^jj> 

<P CiLjIxo t> (j-S Jl o"-. VI L^ji jjjJl CiLjIj-aJI ^ ,n iiiTi .6-5 J*\ iii II 

£_L> C i "i (j-Sj <d CjLjjId-o £j5j J-Jjl I Ji Jl n"i-> VI ^ n-^"l (jj^Li (_yJ-ll tiiijj 

oj^JI JLoLl Ji*; ^sM .jjtsll cJZ Uj .f (6) oCja- 

J^Lk < ml I jjX. ujjA y Lai (Sl^jJI (Jj^- J ^_Lc d[^3^JJ LoJjX. jjJLHj (jJ5j-0 

<5j j II ^i-c ^jl>ll ^UjjVI oVLx f <d <p ol^jtj-oJI j-4 iLl^j^J 

(5^lj-JI (j-a j^-Ll Ujlj) l^-LflJjl J^l JJ d £^ld-<JI <jL Lair. <<i hfti ^ill <jj^>j£J}U 

4 * * n» • 

Ij-Aj -^yi^ C^jlj ^UojV LLil jj» JJaj <lj* _>i^i j-4 <f ^Jj-JI <p 

Ijjaj jjj^j^jyi uijSj centrifugal s jJj 5^5 jJjj ^Ul j-a ^jljJI ^LijjVI 

ijli. gjlij Lu>fi Ifljlr. i_uj"j hi (_jji>.l <]Ljjjj 4j'i j"> <laa.M-o lift j>*JJ .SljUl 

1q SljjJI 5HjJ1 <jlr ji*j (Jj-J 

I * ' a.j ^-"ull Jj I -> I I (j ' " ' il—^o[ j i" n in <lij-*-a ,_jJ[ (jVI j I a s <j^=>— » 

LQjg iii La jjlt^xu <j£l c^jVI LoJt Jjjl ^Jfc (^T. Lj!) .<aJjL«-<J _ > ijjJj >J i 

^jjj .7-5 mi II Jjo-lo cjLSLkJI jra>«j '"^J^ ■(^^ f^^-° Llijjuaj (jl 

* * ^ 

LaJ^Lo tJJjj (LaliLo jSa-i CjLijI-uJI j-oj (j-a Ijjj-a ^jli <<L3UaJI Jjlj)j ^-a <Gl LLA 
Cil I ' L^_>j_bO ^j-Lcl oljJ_}J->J i_i ,i II i ii VI (j-o J_ij_a_> jl^j-iVI 5_>iJ (j^ n < 

^jlj-o (_^j_ou j-Ljj ,jj (^jjVl LAOa. ^ iSLkJI (jjii Lailc j I jjk .5ji!l Sjjl jio 
£Ljj f^Llll ^j* in n II j .5-5 J*s hi II ,jJ tjfJ-a-ll S ^jl J-JI j-A tlaii ia.1 j 
SjJbllaJ J^a.^ V .Ij^A^ <d oLijlj-o 4 in ft-»k j <p CiLijIo^i 5j^Ij_j «Aa.lj S ^jjld-o 
5jjJ j i *• * >jj ■ xi <JjLsi^ J^ia. ^jj^i ^j^j-iii (jxuJ <Gl jl^ < i_i Ti^pJI IjJb <-ij ~> in 

^1 oIjjIaJI jjV shells cjIIaU <3LUI oLj>~ mn Lr lt jJJLuj .j^j^j^I 

«U^J ijjjjjSJVI J^a.J J l o"-» V j^>aJI S j-«"o ott jjJ UJ^J Lff-ll ajjj 



t**!!^ l^l^JaVLi ^ jllTt - JjjIs Oflj JJ-o LfcJ_>ij iTlJ "i'i - pi C in pljn m" II 6XA i.'ifl" nil 

jj)n» L4J jl ^principal <j^ujS IL ^ki. oCjIxJI alt oLi jj^J[ ^ LjLJI i jU-^ll jjSi 
^jU-^uV dlJjj fundamental l^J^J Ifh <i\ ^ tpl jf (diffuse j'"* 



(^jbnll SJyjm ^ - ■■■ j^A (cS-^- g k Jj-o-O-H) oljjjjSJyl iiliSJ (^J-uaill jj £jjlJI .6-0 JiujJl 
S^j-o-o 5_«_cu < , ,,i II (i^aj .r. » II jj J^j ■pJlj fd ^jl. 1 o I I j j n n <jljjVI ^j-a j « I I jj !p 

I fl II J-la] J ■ ^ fl" oL=»- J-A ^1 L$J>1 I l^kjjjj -ijt^J-l CjLj jlXoJI it» ^ "l LUiiUJ .f (j?jl't ft II 

il* ,> (Ifl .l^jj V J li* .^j^iliLI IjJji* djlj LUAil jiljH LjJiLi <(S_>£ Jj>a. iijjiicj 

■ ^UjiVlrJjIjj J-0 Sljill 



juj li SLLlA_o j 5 I U oL>jlj-o ^-1-a.aJ J;l j^jjU 4 /> (j n j j-iJ . CjI 5 I la 

_ # t * j _ . ■£ 

«<t lift-^.lli) 4 n ..i.l I (jxLij ^1 Ifl f (j^ojj tljja. iijji. <Lo_uj ajjfc Lj-iAJL j-jl Ull 

<jisLk Jjlj j^j oLI nit 4 _>" \ Si >jJIj tjjjJ^JVI (jaJ ^Lj 0^11 J <- 1 a" 1 1 



LjjV < j i ^il *n II & j_A <LuiljJ jj-i I in i_i ^ > (_^jJI • " j " II i_ijjLj (j-^-j 



.3 

»0 



»0 



3 
.'5 



^vni HiiiiK nniD 

— □ — n~TH -U_LD 

_g_/H} 2 tLkJI 



, — t2— , 



> v. 



(jjjSSJ^I (^j -j^-^J^j 9' -)j oLjjTi ma J£-ill lia (jlij .7-5 JSoUl 

^£ 4 a l~ nil j-usUjJI oljj JL*. ^jj .LaLu islkjl (Juij Si l-il n iijJa oIjjIao n -y I jjU iJU^^II 
J£ .Lli.jJJ LfjLlLL Jjljaj C)ljjlj-o j"l -» "i S>-iS Ji* '(J*' mil jjj <iS-OJ II) (jj^-JjJJ^JI 

^ La-lj-o j^j ..-i" d CjUjIj-oJIj <<LljljJI iiokJI (jj Sj-o Jjl i^lia ^ 1 in" P liCjIidl (Jlj^VI 

iSUJI ^ (jict r-ls.L j^-jjj I!* .<jl>I jJI 4«_iUl ^ ^ 1 m' f oUjIjjJIj liillill iiikll 

(jMi-iJI (jJJJJ .jj£VI ^ylt (Jjij j_>j£JLj J i i tn q1 u^-°J L>jIj-o jjdl^a J£ Jj-oJJ .LaIjjj ^jjJI oljj 
jkjjj^ojlj (^-Jill -l-^-lj jj n 1 1 (^jluj^pSJVI (j jltjjU ( jjjj i t . ijUiiUI 



jijjjus <(jji mill (^jjJI jjjJI j-Aj) 15 j ua-LxU (^jjJI JJ-*JI ^)L^ Ijl 

<Gl ^^Jb <■> ml 111VI S^iftJI .Ljj_>l£J| J itif 4 (11 ftA Sjj (£JJUJ (ji ) 



j '■ ^» hi II 4 *»<■■ .X a. 5| jJi <U J ' a J ' I fl H jjfc 2 (jjjj-ll 6JJX. (_^jJI j ■ ■->*., 1.11 

u^ 1 u^jj^V 1 ^ lt* '-A^ 1 * tsUaJ ' ul - <7 U^JJ^b 

(^H-^ JJ ">*^ JVt (jl Jj-i-j J i a jj J ' 0 II j i ml uAM jJI -> II j <S J -a -ll (j-- ° *■ 

^ LLo ^1 <jj^iJI <la_iJI cul£ LJj .s <£jIj-JI J^iloccupy <jjte mm 
SjLil L^J ^Uill J". ■*■") J£ ^ijj u^jLH^iy 1 

.Slj-iJI jj-a I » J '1 j "■ «V 4-ojl j II jAaj J J-ib. j (j_a J-J^Ls < (jl j-il *i "i "i 6^ka.lj 

^ \ %^ \ I ^ i ^ *» ■ ^ | . **> i ji «. \ I ^ 1 

4 j -> mi ^j) Ji 1 1 II SljjJ -jkj .*. . I II j-A <3 (^jj-ll (_^jJI f^liJI j cs-*'\* II 

c^^-ill ^1 j^l !-."•» ..I .oUj>iUl iSMli <LU~a (j-a j <olj-o £>}tf 4irl -An 
J* itu jl _ V (<LLu±jj _ ^jU' mm V <<5}HII oLi j^liiyi 6X4 . J_A.loJI 

I'm mSljn (jt UK <jjLc. ojl^ (_,!!! in.mJI jl .LiJI <5lkJI Ij s ^jIjaJI l4-*f-<e> 

ick^jj <_jl <jVI I j n v.\ \ "t j-o LlJ J-iV jj-jJI j ' jVI ^ " ^ ^j^eij-oJI Ij-^J 

.«i"i'.~> mij 1"< intrinsic < l_i >A 5J>^-a-a ol a ,.u (j^jj'i^ I^U 

J^Ls _ UL- .1 mi iLj-jlj lj-4 j _ ji^ij ^jjjl (j-o I j i *i *S I n^ft .Spin 4 a i jJ-J J 
jlj i/i" I *>'.^ a i il'l . Al^Cil j . I i 1 1 4-t-LoLa II 6JL^J nil) ix£~^ IS^ L)3J^^\ 

f-ijS& spinning motion <l<ujjlJI ^^aJI JSLoj «dL ajjalJI 

4 j i<~il \ j_4 jl J in II I j-A ^j-S a-jjOjJI ^1 (jl i-i ^ J Lljl Jjj .6jj ~> o Jj^a. 

j^jj-Lc j 1 i^'iit . t—j. \ 1 1 a" < i fl j i*s II jj i V j i<-ij i^i <ltj^ <i 

<Uili <U^j^ <U_uaLk «LiJ) j !«UjIjIjVI <*lll -> ^il J JJLj-I jjAj ,jl tjjj*'^ 1^1 

<C.LuJI ^jjlic. JjljjJ aUjiL jjJj jJi <j^J (I"im ft ajjjj Joaui ^<ajl^> g »■< tla~ <«J 



.j L^jxli isotopes jillis ^ n (CiLijjj joiJI ^ mia * Ijlj^t L^J <^^>jJl 



Vj <jl JiJ>iJ-l la '" J C>V J-S-oj £_a_Lu-j Vj . JjJL-aJI (jn t*M oLaJiVI iiLlj (ju^JLj jl 
Idu ^-A _ ^gj lit" j\ i ii °" LjJ i,l j _ jVJjJjJJ «f * II J II <j-aj) II 4-LxoLaJI 

^SL^jjJI 1924 <l^j11\ <jjl\ ^exclusion principle (cLiliVI) jU.jj u.VI 
^Lyi ^jJlj ,W. Pauli (1958-1900) j£> j^liiJj £jL^iJI 



<<Gl frL aj< It » j at £|" a o || j_A |> > " II lj_A .al -*wT^l I jjk (jii'S* t _^i.Sfl ^JJJ (jt 

< I 1 1 j a " J-oLS L$_j| ° <t->-Lua »l ... ^ yt jjj^ i_i i iii |-> o ^ ^1" i i (LiA-jl 

,^1^4 Ij^Aj 5jj c>ljjjj$J| 5 al-. 'to ^ <j1 V Sjj ciljjjj^JU 

^Lfi <((6jjJI)) La j i"i » i 4 S la *' a 3 ax. I m a j mm Ij CjLj jj'i'C IV I (j^^ (j-o j»-C._>JI 

' ' j " aj ^ISt^lj ilLaa-a (jl-S <ljj A i\r>'\ n II «JJj J^i.J (£j^.I Sjj ^jU'i . m" 
jvjjjjjl ■ ° ajl IjLfi ' ^ 'ijj'.'Clyl jvjjdlil ^jl't ) nil nit (jl"'7> j"' <LLi lit ~*i jjj |» iii-Ti 

,-■1 Lj-v „ II j JLvaJI J£j <j»JL*J jl^-uj - SjLaJI J£ OjLfjl . ( ^jj_ > a^jyi 

j? 'J*^* " 'J* i^aJI 4-iJL j n Ui" *i n <La_LaJ ^Jl ■"■ jj^'j - J_»-=k-^a jjt La J^J (CiLLvllj 
.<jjjill I *■"_' lu jj-uax jJk ^jjJjJI . <ioLL <Jt n hi 5jLo ^a 

<5^!ui oLj^yi ■ l Lui j: 

jLltVI K <j5LL> LfJ ^ylJI cjLjIj-oJI ^ Ljjjjjj <j_jlllJL 

^jlj_aJI .JjVI S ^jlj_<JI j^LsLiuj ^j^ljjJLSUI J^t (jl -jl t \~ mVI 1a_L-a 



tjj<j ... .'U „, ? ^ oL. j^iJX! ^kll (ijl^JI fUj^VI '»L^iVI ooAij iS^: IjI (8) 

(j.i*i>l» nil 6LaJVL 'd^ - -'-j ricLuJI ^jjUc (jljjJ aLaJiL jjJj oljjjji^Jyi i a i^i 'i jLi ( ? a_i»-> II 

.Ju-^t ^L-a Jrjlj £liaj1 >JI IjJ <<tLJI jlit ijljjjJ 



«* ^ „, * 

,3fJ J jl i" o II ^yjljj ^ *\ II Jx.LijJJ j n (j i n «<JjuAa.» 4 n m ^1 V j 6jIjI LjjiiSlj 

I j_A jJLfl-i <Sjj i—i j (jjj'i^ II (j-o jA^I J^.^-> I in -v j • Jjjj " *S 1 VI J Slj-lJI 

" ' - ' < •-- * 

Si" 

d^JLol i.4 jJLi j (^^Jal "i" II (j_o lj_a. I ual ~ Lcjj <_j ,1 ua < '> «JLa_aJI» 
iiUa dlaj SlUi n j ixkl P CjIjjIj-o 51 (jf^J ^ J .iSLkJI Pj S (jjjjjjjl 

^jJI j>L!l liA c£>*j J u^fJ .1 j iM«*t 5j » ti ^ 1 1 s oLjIa^JI (j-o ^LlS ^yicl 

- - " - 

'JjVI s ^JjaJI ^j^sUL .t.oll iiLiJI jji^e <j1 ,_^l^l s ^jlxJI 

&Mj <trl .^n A LfJ u^S\ j» j j I (j II Si ^ll iiol^JI ijjLaJI S jJ&JI ^jLaj j 

.(7-5 J£.AJI ^ (jAj-o L^) ^jJc! <5U= olj 4aiU ^Jc ^ <ul ^-nj'i'JI 
JS-i: L^L cUjj^JVI ltt<ojj .JtVI <SU*JI U ^Ul s ^jlaJI Ji^iu 

<Ujj5> LIS Jf^.iVij SljjJI <JJ_>5 LaJ»ljja.l < j-aJI " " (j 1" i^Li jjA ° ■ l~ 

.(8-5 J^iJI) ^alJI 




t£j~»-> ill <beryllium ^jJjjJI jj» (4 £jjJI ^jjt) ^liil 

jkjjiii! ^jUJi jjj^puyi ^i ^ jjl jjjjiUyi lofJ o^ajj <j^.i^j fkjfifiii 

^jJI <boron ojjj-^ 'w n ^ => N j "^*'» ^ ^ J .^LUI s ^Jj-eJI ^ 

IjJ fjjlM-o ^lAJI S <1;jlj_*JI .oLjjjJL^JI < m a ^ (jfj-a-Jj 5 (^jjJI 6JJX. 
I j-A iii -Jj (<j^LUI P CiLjjIj-aJI jj-o J-^-lj (j-S J -v J J <j! (j i i o l II (jjj"^ I^U 

<p cAjjIao dLLa ivjj <GV <<JLlll j II j II 4 1„i\ ^iliJI 

( j [ ^Jj's 1 1 i IjJ .'G-lu J u->_i Ciljjjj^JVI (^o JJLC. CjLjjIj-oJI fcj-A jjjJLajj 

(jlljuJ^JI < ^Lj jjaill <LlS 1 1 0 II i_il t I 4 1 1 iti J i_lLs ( CjLijjI's 1[ <G_uj^ 

energetically L^iLU ^ n.Jl <S\ <jLijj^hfl * II 

I A t-v^ (ill jjl (jLi jSLl I o-fl *lV <5j mill jj-o Jj-iilLi-a P ^Jj\jj> ^ » ni l 

< » " ') j>J^J>llIJj -'- ft* iA l (j^J >a»Sfl W"" <^~* ij^J '>^' 

.(oLij^&JI LoUS) , .. < VI dJj^j <p ^jlxJI >J j^pDI (cLij^JI 
.(ciUj^^JI S^^it) neon di^ljlj <(oL\jj3£JI ..."») fluorine j^jiiJIj 

(jJx. ■ ' ^ J J <£jj_La 6 J m 5 1 1 4" mil P CiLjIj-oJI n -\ $ t^jVI ^^J^. 

^Vl ^jjJI £jIj-JI Ji-iu <ji (1 1 t^jjJI ^j^ji c^p^jy' 

<^ j)i"nlll Sjj <Lilxj 4 (j j j <ti ^^-"J j in II 5jj <_1u1j (j^ S ^jIoa J-*J 't*-^^' 

un reactive (J-aU.) ^itU: jl£ ^j^lfJI ^1 L-^t o^J 

cj13 Sa_j^a.j Sjj c_aJj-o jLiJI $ ^ monatomic SjUl ^jLJj 

(1;jLa.lj J-oLi. jli. j&j 'ojfiJI ,^1 Jj-aj 'C5>=>-^ J <>~ i lir <*jU5 Jajj 

^ ^ W 



s ■* i, 

* ■£ - 5 .,'"■» 

lil j .tic Ulaj cj uujJ SjLJI (j! cii*jj 11a j ij^LoLaJI periodicity ^^It 
c,Lo_uj I^M ,Ar,V ^families o^jLc. I a Vs 1 <<j<»*j ^ 1$ i J_^iLcJI s-LAcVI 



S^JI tfjj a* 1 £JJ^' c^ifii j-uiliil j^sJI ^1 SjjaJI (>> llJ jjV <JA±A\ 

<L»1jji j i<-%l '>» II JJX. jLns <j itif ^ inl'i II (jj-^J' i -j i«V> *i o J J) l-> ' J 

iijjJLa (^Sj jJ !([ f\\ <<xi-JjijJI JjS «tlojVI ^ji Li J^»-o Lfl uaJU (jl £_oj .60 

<(j * I iijjAji cul^ <(^ul "*■ iJI j <cuj ^11 j <i\ i t w II j <,2)jjj^JLfi .j \e. I j a lo^j 

CjI-oK ) <j i<~>l,j*JI .(jjjijLjj-jJJ /i II ^jjlaJL V <i±i_0-> II ^llL-aJL j i^l'if ftjjk j 

^Slj o_.<:il g^J^-i t*- 5 JJjM <R - B °Y le (1691-1627) Jl^4 

<iil«_a <Jr,_ t ^, .j 5lsli» fL^t ^ 'The sceptical chymist (1661) d< .^'i * II 

' - - * ".**.** '* 

(_j-lJI J (Jaj^Lk 5l o i n n il ^1 i aa VI tlllj CiLj^-a (j-A j <Luoji_» Lj iA « i 

^ I4JI C5>?e jjUlj 'cU^aJI tilt t> IfJf^J^ 

S * * * ^ 

-i " * ' 



j i <~ il i* I I JjJ^- (j^ 0 LajI "il (_j-llj <j 'if La j \ \ * 'i La <jjjaJl Jj-luI Jj J a 

. JjLuJI <iu_>jG Ji j lj.,^-,f. j bili LsLs -u^l jSV act aU <?<1JjVI 

(jfijl <j£J (LgJjlaJLl J>$-a. Ladlt I (j 'i <jjLaj jU n ml ilai <_£j^a. jij 

a II i, ,8 jj J *i II dJLXXJj .LiK (jjAJaLa. LL£ (Sjlj^aJlj " J ■-*■ II) * D ' a 

i^llll (j^JL S^iL* <3j_>1=j j <ui 31 <<UjLia^]I iiL^kJI 

jxLc) H. Brand ail^4 a .-S mm<I Loj-lc a ^ 11 j .r>» Jl 

jkJ .(jj_>5 Jl^ 3 ^Jj^ j-uV>f. Jjl JIa (_£ jJI <jj< luUI ^j^4J-al_4 ^Ljj_ > 3j 1 669 

dj-Lm (jlfc {ji tS>J~\ < II tjj" -n I til ^ mj j»J <j| <<jljoci. ^Jl Lla n ajjljj=J 

</jJlsl1jj j ■■- I (j l» J t(_gj in ) II J^jJL Uj) I n o IjJj ^jj inni ^ n^t jia -<"SjjJa 

* ■* 5 * 

Jj^ujtfl ,_i uil^JI ( j - ^ ii ij _>-aA <l j*n^> r L^Jj jL-a ^ ^1 Uljia-o ^^Iaj idJjj 

(LijJfcLia <->j~» mil (SjLaJI .rGtOrt'^' <La.jJ_a (j-i jLa_iJI ^ o <J_a^JI £-0 

t J-5VI ^ «j1 <<_><a>JI iaJl^-J <L-uij <>J <fl>4JI <j-S C^Aj^ 

tlsUoj ^Ul Sjl^JI ^ .L^^I ^Ul >^L*JI Jl oLi^JI JjUH c.U ■.,;„,! 

Sjlj-aJ J» 8 i J j ? .-<M I ^jliLaJI kjLil^MJ JJ jj <Lajja.j Jllu °.m LiUa.lj 

(j-oj <<Llc.I 't i/i II SjjjJI Jj5 SjjJjSi Sjl^a. (jit Jji taa II i/i II Jj-o 

,2,1 Joj -SjLla. Cjl.injf. Jl ml i nb u m iSjl ^ L^C-ljljl CtojS ^^lll <S^LaJI j lis VI 

Cj I i n" l-Aj i/il if. ^jJI jl j-aJI J j I -> *i ^ I nl l II (^jLjl ^ CH i j SjjJ-a. Sljl 

J n *~ ml jii j .^jL^^JI jCiJI >«j3j voltaic cell <1LJ ^iJI <liaJI ^1 j!a.L 

" " J * * I 



\f* 9k*>^ J V l H - Davy (1829-1778) JL^ <jj±*a 
^L^^UI J j U ' II ik^ljj ^^uLl^JI ^ _ 1807 <> JjVI 

'Jfl^^ JjlI^jJI <Joj^<1jj J ir>ll j»J> <j() <r*»*i nil i mlj^jJI cJ J-*-*) i_y^J^ 

jjl t(_gj&a ft j ■ ° iii lX>^ -i^J .5j0 n-i'inll ^jjJj mil Cilj_jJ>£) Ijj) mil 

( _ y ljJ «l a Lo O^J • <> -^ m~^f < -%J~'i «<l-s j) ill <Gj-a£j (J^J* <_£ji-o-A 

'>J ' ' " '^Jj" ' " ^ 'j* J ' J ' ' * " ^ 'f J ' ■'■ N i inL^j-jJI < jx^-ijj II) uoLxC 4 *i i n 

Jjl^'H (jfJaj ^J^W ^iii in ^jjJI <t-fll liu^VI ia.>» (jlj Ii* .(fkjJjLJI 

Jjl^ j o-ia-jJj ju <_JI J j-uaLl»JI lit cJj .electrolysis ^L^^U! 
J. Berzelius u-j.' L'jj.'.' (^j-"^ ^jlj .la m~<<l aij .1818 ^Lt 

.selenium - I f-ii .cerium ^ j^jj 1 II) j ..-.I 3 L a (1848-1779) 

f 

c*jI^ <(jjj-!1j I At ^~ <- 1 ^yjJI j ■ ol *i « |i j^oj j» \~ ml j .thorium ^^jjjiJI 
.jxlij .ll^LJa 4Laj^Lc 3^ ojl^j .alchemy An otll »1 II <_JI ^LJi Jj_<g 

Ce Jj-a 'f^^l 6X4 I 0 I in't ^yjjl ^^Jh <4jln<- <Jd^>_>l Ijj-aj .1 ([ 'if Luo j£. 

Ij-ft jj-o aJ iii i ^j^lJIj jn * j n\ JjBj .^^jjj i _jjJJ Th .jxj) >> i I i in I I Se tjxj-ij \ i ii 1 1 
•CLoJtlj LaJ&Vj! .JjIalfcLaJ ^ j""*? i ii _i mlj <<lLlc JLa_« ^jJ ^ .»''•> VI JJLajJI 

.4ijj-o^j J)U" <j^Loj Lftl^a.1 < nitl *t n J^Lk 

ojZLj jjl jju VI jigsaw ^ jl n \ II £_Li jl A 'i o J_»x. a ^ ~> i" ■ •« -^n ^ 

ijk hlL jl j^JI CjIj ir-il -> (jdS ^jj^j Jj| Ijj oLl .^Ujll (jjj Ljil^ I JJlC j-uu 

4 { i «l 'l ^Jl Ip- ^ J n n ^UaH ^jjij'l in jLlo LaAlc j inf ^ nil "II ijj^JI ClI '*' tj Si* II 

' » - , , . * 

< j-uoLj-xJJ 4_lC jjJI ■ .»! II LaJkljj^.1 . jl i ii *« a II I j (j I o ui 4_aj ^jl^ .LujJj 

oljjJ ^_oij| J-Lill <^llllj .!([•,_, , t^l JftJ <ll iU^LLLVIj iL^LiJlJIj 
J. Dobereiner (1849- ^Ij^jjj J-ajj ub -<jjiJI Lfl-i'jjb 'j 11 
<j^J <,_>iijla-JI ^ « I ■» II (jjiii |J j .(^j^i (2>jI jjl^ ^ HI Jena I ^ 1 780) 

o # * * 

-l^V jii >( jj"n mil ^jjIIU ^^aj jxK lojI jL^jl ^ fLo Oa. ^1 Llj^£ 1m m U^y 



Cj] Liljj^ 4 s1 J ^ j uoLlr (j-o 4m» n triads oL^&ll] J 

(2>Jj_u5l1»JJ ^jjJjjJI (j^jjjJ) Jj*-a ,j-o j if-il*H II i j-Js J^ljJ (ijjJ' UOJ^ 

bromine ^j>JIj chlorine jjJUI j uaLic ^1 ,JLL<JI Jjj ... ^ -aej^l 

J * * 8 rf 

c-^^LlL. 127 .80 ,35 ^ <j_>jJI Lpljjlj <L^lj ifjLlJLa iodine jj-JIj 
ajjk ^^It ^Ij^jjjj xsj .(81 jjfc 127 j 35 Jjj_o) 

•tapestry I i^j^o I ^» < uu <L» ._i < ■ nl n" <j iol j« II ^1 &_>is oi-uu Iia (j-^j 

jvjjLj » ' J LIS Ljjb V I— jT j -LjjLa. JljLo j-i^al 'i i II (j-fc *s \ II ^|L^ 

Qnfl ml ( _ f lJI Cil i i^-t ."ill ^-XAaJ j^j^UI J i rial! i_i in*) jl <i^i-v ill Id^J J 
5j£.J Lij jiaj (3^J .oV jl •> n II V jljLUJI ^^-4 ^'inflj Lo jj£S <«uiajJI 6Ju4 

J . (j^OjY^Jjj (J^?- l-A^-l jl • i ii nil j^JI i^i-t ill 4 jlnf Ij frofl m l (jj jjl (J-o (j-Axil 

Jl* jij «^JLm _ <eJ>^i (if- 1 — j^j <Newlands (1898-1837) 

<(*>JJ imuJI j <"jJQJl J^j^-° 1 * T* j ' II fl j J "J-^ j ml 0 "L t III" I <Jjlj^»jl^ 

.Red Shirts ^a^JI ^L^aSJI Sj-oj ^jJLaj_>Lc. j_o <1)jL»_J <j±L«a ^1 J^-j_>j 

Jil j j j-alU IjJ^a. Ij J^-« i a im*KI J <l>iKjl ^1 <^J^\ J ^ j J 3 ^ " J-»JJ 

j inl'ull <iiJ>» Iodic. <Gl Jl^j \j<.& j . J5VI ( _ r lc <iji^ II j_uaLlxlJ lilJj j Hj-v 0 "i n 

Oaj JJ^JJ CjI"i ilala II ^ CiLfil im'iII ^'jj^ ijjiijl 

<Jj j -y.n ( l ^ l jLj i J\ tf. j il(j II J <5jjliJI j i/ili» II ujjl^) j i n l jf «UjLaj 

H lj-4 Ja^3 '^1 " II lj10-S.SU ^j<~ ^jii JiljJlJL^ul . (^.LjVI liLL" 

<iK jij Jaw of octaves «oUjl-alll <jjiL2» *l^"j <^ Su . » jaII jJLLJI oLoliLjij 

ii £ <dV >a Lj ^Ij j| 'LJLc. LLqj ^_aJh jjl j 4^^*^' IjLiuJI IjJk 

Lai i ill ^uallaJI ujjjj cL?l-^ <jl (jjj^.1 (^Ijj <<ijl i<~i ft jjlli Lojjj (Ja-JLil Ijj!Lo 

ual i_O^C jL»l o (Jl fit" irlLt jl 

* " * ^" 

aj's I n II j inl'n II CjI_i .1— >1 f>..ll j) < .<L-oJ-S I n\ » ^js. Lf lc idLlj j_o j 

i— >-| in (^1 (^C. I J j « i <^ Li m^-aJI .i I in II CiLo^LaJI JiLo ^LsJ j j ^ 1 " 

" " V " 



ijjj i ii nil I j-A Jj-o ( j^J .AjJjs. olljIj-aJI JjLlu £-jj-oj pIjjjIj <<1L=JjJI .-.I a 

^ gjx.1 imoJI IJ i£. <Gjji (jl jl <Jjjis L&J iii n Ciij ^jJI <j -^1 I (^jJklll 

0 „, jg ^ 

^ j s 

D.I. * „ t j < b *i « jii" j ijJLftjl njj <^_jJaJLi <t5 _a «Lj_ilAJI 4 _> i^ ,ti II 

jl <j^c i*_>J J <J _i£ s^i jJLuaVI £VI ^Mendeleev (1907-1834) 

ajj in <Lo1j - Jj isJJ Ij^-Lj a jj ^,1^ j ■ jji ■ ft II J-^V Lflij i U j in f 4*> iii 
<-o J-*-i j-Lo ^^J-lJI iljLol <Uic Oj-fia (^jJI LijVjt j-i-^al <LajLi <jL-*_i OXj 

<<-oLaJI pIj r>j< II ^ <jLl^ i , tj iLl i tjjl.yio <ui !jj ^ ill cJ jJI Jji^jij .6 jLikl 

ji <ijjji_JI j ualliJI jjx. <(pL-aj£JI <^jL»-o) Osnovy Khimii oLl-J ^ill 
* . * * ' 

<-iK-> <U jj liA Ijjk ^liljjVj -<j!>5 (J| ..no /tlklo i_> jluAj I (j n »o5j I 

* t 
Ltujj <-klj Jljlo ajLui. Ijj^». JIlj > ajgjjla ,jt (j^k Sjga mil 4jK-> II 

i-l If <i_l»"tll <-> JjJ ml LoAaCj <j i rl l 'nil ^iU'lfl t_iJJ_)J ^Jl (Jj^i JjJI <J*J <^J_»I ml 

Vji?. f LL<JI yJ,, ^Ijj , <10) 1869 f U LL.-j./LL.-i 17 JoUllI <^Lc 

La 5j Mil i ft Ci '"'^ Cik'iJ* ml LoJa£.j . i_)j I U ft II j -> *t II jjJx. j uoLlxJI <_lS C- p jj" 

a j-A (j-a j»-ui5 (Jjjjj .(9-5 J *s mi l) ((^jjJI *J Ctol^ 

^Jl 6jLS <LjL Ci^La-j ^ji <_iAjj jL^ Lo-U£. (Sxijl) jjjJI i_i»lj i »JJ ill 4 

.Ljj i_i» LJ ^jioJI t JjjJI (j^ ^Jrai ^j-Lc ^rj"t ifill I (j I TljLl j nil 'l » II pLo_uj| <L)L>£ 

jJjj (j£J .<t fa . ) ^ , ^ Uj-jl <j K-> I I lilljJ l j» n i i i (j-a-a (jjjjiJ^ ^Ja jij 
^ s 
j-*r»l'i» II <jLI^ <jlia. <j1j <jl 1,4 <-ai tj^j jj <Gl dJj Jjlj ^jlxi Lo ^\ j| <dJjS 

A\\k~* II ^ Ij^aj VLi. jJjj ,1,11 Jjj ^^Jt 



r 



B*i to VersfaMnmf to «> 
to MaUi erf^^Sh. toi 



(tftu Proa i t i4l Ptoe. MM Pme. nommen iMi P™e. 
Daroo wurdm verttbbt 3.988 Proc. Hani, *Im Utrlfft die Different 
da Aiar/m etmUFm. Vdrf. Ktaabt, dm dtoe WAwm imBtlii©- 
rebaJt H MdMm U, «tll Ocaer (fa* ntofal f«aa tmUmmn Bt»L - Dto 
ZuUDawtiiifir ohwrBfldlprobe, ron ■]» Klde eottaUt, «tin™te 

f*M vSflff tibarefn afe to to games torn*. & ward* flefonden : 
WlMK 18,741 

Stirt* w,<is PteOiCiO MgO KO H*0 POi 

AlCtte worin 0^3 4,348 14,721 31,688 0,104 49,320- 102,141. 

Dftgvga faatte «iu Hob) to famon Korea, «• woksben 13 Prat KWe 
■bfetcndflft «sr, faJgcade ZawwmwmwtMmff : 



(Abb. Cb PWm. 149. 343.) 



J hi deaAtozBxawk&Uw 

Van D. Mesdeleloff — Ordaat mm Elements nub 
j vmwate Reiben to, d*» dte Herirootal- 



tnfaes *a*Jog« Ele&eate esttutltea, wieder met lwluoendeai Atoms*- 
wkfel mxrdMt. n twhilt nn folgtnae ZmaroinmBteBaoc, mm der *icfc 
FoiK<n"*en tbfaiteti uwen. 



Tl — 50 

"" -51 



Cr— SI 
Mil — bi 
Po — M 

Mi — Ctt— M 
€tt — 63.4 
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2» — »,J 

? — 80 



A d5 

Or— 1 16 



104,4 Pt— (07.4 

100,0 Os— 196 
108 H|f — 700 




P-31 

8— » 

CI-W,S Br 
K — » 



? — 10 
A* --16 So— 123 
8e-TB,4 T«— 126T 



• 6»H C — 133 



Sr — nlfi Bo — 131 



T— 41 Ce — W 



Tla— 76,01 Th-UST 



| KM «ofeowefae Al*nd«niog ta c . 

m l. Cbintoi iwMlogeBemciite haben eixwader BberausUiuwDde Atom- 
" > (Pi, h, u>(, otter faUtere nebmea gtorti-fcl to (K. Bb, Cm. 



(tUojSJI Zeitschrift fur chemie <U Jl Sj jl ^Jl 4,^,^11 J**»V1 JaL Sjj-ua .9-5 JiwJt 

.^jjaJI JjJaU SjSo-o <aau3 ._«..! **** L^_ii jjj^l ( _ f lJI (1869 jklf. <c j^UcJl 



- " * 

; ,_ »j I ...t . Lsl-o j ual j * £ * y ^periodic table <sjj±^ Jj*^-" 
o^jtj < j_4-oI_1jJI 1 ili uu II uljjVI J na" ^ij .^-jl-o genealogical 

^ya <J JjV (jl^^ . l^-u£xlc j iIaC ixjLjj j ->^l Ifc j ul a!! jljjLi j^itj CjI (] *1 ttn 

lj\ iri \ \\ ^Jl SaLc uj *> * IjJbj^ dLj-Aj LlA JjO-aJI j i ol \ r II j in \s $ 

< Procrustes jj} * jj^ | n< | ■■• iij^L I o i ■ t. jjjj <gU <<aSl II 

(jjj-^ (3 '' N j i <-il'> 1 11 *_i t'jlj JjLi I ^ *j ,^<LJuIjJ £-0 I o-k mi'i « 

<*jjj-ll '° ^'>^V J ^ c>^jj J^-b 



Jjij ( _a j uaLlxJI lj-ij^jJ <iiji= J_iAiLs : j i ol 'i » II (_uj^jJ J n fi J i Ail (j^-J 
3! j-xj . <lLs j_o Cil j > < <l i i<Uj (jLS .(jLS I n *t_t l (^jjJI jj-»-II i_ujjj LoLoj 
olj .^Lk tf lc interpolation ^j-liJjJI *l ji'i ...VI L2-> <^l U"> ...I Jj.t^ U 

. Jjl_l i , 8 iti'i's" j»J ^jjJI j i 'i « II CjL_uaLa-J t i (jl <<iijjJ>_o-ll 5 jjl n II j 1 0 I 'in I I 
Gka- ^.j \ 'i njJVI &l i 'til l-A I a ml ^JLlI j \ » II <^l ij Jj^>.J-J \ ) I "> IjJ 

^ j uallxJI 6oa ■-"■< ! -uj <eka-silicon 3j£J_lJI iL-ilj aluminium 
jjjjJI t^jLJVI JjS (3-o j igallium ^jjJLc- L*ja-u/i 3fjJI Oj.* ■■•'•j a N Jl5 3-0 3^ 
LlI: j| l .Aj t ?- l u^ l i_-<"ji Ail IL ^germanium ^jjjLa^ Uj 1 ml 

^jlll JLv=k.?>LI ialkJI SjljVI ^J^-Jf L^J 'ML^' LT* 4>^J U"l (j^f H J ualliLJ 
ilLij |> In* o ^ *■" ^jja. jii <4 I j J «Lflj">» o ojL^ ^jjjlj ti jjjlv'i.a Jju Col 

.4L^VI 

. JjiaJI V\> n ^ Ci\j -y i I J>?-J Vj <j iA\c 110 <jlji ^Vl i— S_)*j (j^j 

JLi£l (jjj * 1 1 0 ^l 1 iuj^Luij jjjljj <jjjJI jIjcVI (jl <LAj1 ci_fl^*j (j^jj 

* 

113 j i^i 1» II Laic A j*if II i aj jlj jjj j ni""i~ jjjLSjJI ijjh d14 

<(Jij^ iiujLa. [1] .(5JjjJI JjiaJJ «<J-ojjl^VI» <-jLfl!l ^ fti* .1*^ 4jJt jMsu |J 
.<Lloj(JI <jaaVI 3-0 JjJUL VI (jJ^aa^j V ^ j-ua j-oi <V <JI J-uoj Lajjc. jj 

jli <^_h L*^J -10-5 J^-iJI 5^?-° CJJJ^' Jj,>->U vLjJ-aJ J< it! II 

<JoL»JI Cil ft T il I I (j^J <<<-2k.j-l 90 L-AjJ-S <_jjljj > 4_>J Ij 'tl n i_i_ujj-J j-JjJ-j 
<grOUpS Ij-aJ («LjJ J-a-aJI) Li-uj\ jJI Sj-a-cVI tf o .i.j .ij j() iu j ^3-^ 6 L u ^ ■ 1 

6 LoJj tjjJI J-* |»jjJLc. (jl J-ai <lj£-A j <jj ■■■ CijLS ^JiJI <oLiU.jJI jfl>j Cxlikl 

.cL^^lj 'ja^L <jlLI jjj^. ^i: iiij Frangois Lecoq de Boisbaudran _>iJI ■■ « - 
^"".'.'ty » j- 1 - 3 (" i>j 'Cock idujU (^ixiiUI j>-uVI gallus gallus J^i 
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^Ul aii y^j (> ^.Ui 4, .A, ^j^- LU jjj V l^jjlil JjJ^U lMJI .10-5 Jiill 

<l>0 Llq_)J! Pb <|kjjjjj^JI Na «^jj_ujLjjjJI j-* Lij-»j j \ i<i"i Ug-il jl <ta^i. iij^-o LjjLj „i»"rl 
^•'■ ■*N 11 >_ij-^VI Jl nt* ,„l ^1 • « i (jjjjLi »j£JI ,j1 k^^-^l t>\} i Sn .jjxaJI Fe 
j-ljoj ji j .periods I_>Ijj1 SjiiVI ^k—VI j .groups I j^j oJS j-JI jJI SxacVI u « , n" .(LlL»j».1 
£l r»'i1 <(<jcIj 3^;^* n-^ M i l l (xA>j 'J^ 'Wj- 6 M) Jj^' o^j tr* l^jj- 1 ^' 

jjjljuoJI citj '~l a <jjj jtjj liLLJaLi. LfJ j loUj .metalloids (jjU-oJI sL-il ^1 .L-Li jjjJI 

Jjj-Jl ^ I (| » inj ._i % j JjJ-aJI Ji-lji (^JjJa-uJI Sjjja.jjJI j irtl 'ijJI j^j .jjL*_e5Ulj 

2 tjjjjJI ^ <£. jjV jji cjlajL^; JIJjUj .periods \JjS\ 5aiiVI ^L^VIj 

ouas a! ^ <3 ; 

^Ul >=,LuJI 

jj*ul ^^-S (jjlj-oJI j^j U"> i^IAaS i n i II j\ .hi II jjt jiiII (_^ilJ I ml in I jj » Ti 

H mi II ^ 5j^a.j_aJI j iol j » II ^ .<G_a_j! ^ non-metals ^jL«_aiL)lj <jjoJI 



jxjjjj^uaJI Jlo <±*. iikliiJI jjL*_JI (jjj VUlil Jl^l L^JiV transition metals 
Jlo tjJ&i -Lldis JSVI jjL*-J 'Jj^JI jL-e «ji (Ca) jxjjj-uJKJIj (Na) 

<lj^. Jji jjl t - --all jlj lift .JjJ^aJI jf^J (Pb) (j-aL^ojJIj (Sn) ^jj^aUl 

Jl i~\ *i*il jjL«_n j ft iA" i <lL?^ "> ^ '— ' " lA^aJlj <lj m-i if 28 igj -ii i (_jjJI 

-I -VI Jj^a II <A II Ljj_iJI li* JL^-jl y ? j <«f tja^ll t^jj .^LLIjJI 

; .» S ' t * - * 

JLSjjVI jjL»-aj . <UJL^a <Qt|_iia jJaj jiji j-«J <l>i^ liLjjJa JjJjsJI J* -^j \sA j£J 
uia.) jjjj O-iLSj <<-^jL II I (j ")!_' "~>l -> jj-i I •> 4 (j ;l mi* n ^-LkljJI 

(_£ jJI _ j In in jli <4"i_i*i^» II ^jjj .L^LijA-oj Lj I irftS j^-°f ^jTJI j uaLui II 

I tfcLila nal plac ^^jJI Jala j ualia II j^i <jj£-« - (U) f 

-■! - ■ ■ II dl f j in n pi n I n II j n i"> in >j . j n *i > JjJ^aJI JljLa 

jl o u \*>"> iii J^jl^jJI J i_j-S oflo^ 'LSJ^ j ■«-> ! *>f- c^^j iJ-^'J-' J "~" r iSJ^ 
j ualxJI ^'i ir~i <SjjJsJI 6 j-A C*5ala JJJj <Jju i_fljjJLa j_ic j i<-i*if Sl^jj jLjj^jj 

^^lllj <li*)LU 5j*i" in o ^xc. ^^lILi <tdlj £-aj •( JJL ? I " " 'I k«_i j»-l c^j-ll) 112 

. Jl jj-ll £-!j-uj J^^-^J jl in"" i«^ (_y-^l <lxUJI 

, o _ * 

jjj I ~ « > j i i">l i n )*S II J ■» -> (_5«j-!l '-■ » mi II <Lij-*-o-J Ol-l-> JJ (j^il jl (_J_«I 
(j-S j i « "i II _ j uoLIaJI pi t inl "> (j«->-> 1 1 . ji (j i> ^ I * j (j 0 " j»_4l (^JJJ-II (JjiXa II 

<l_4jUa5l Jj-o <CjljjJI £j\ t i«il -t (_j-S j l»">llj <l ()"iil'i < s Jj-o cijjLjjiJI I j "il < 1V1I 
CiljjJI j-a L^jj^j (_yjJI JeuljjJI U JJC (Jjua << '"'I ulj^JI I j"l ■ ->~l j OtjJIj 

i'I Iftj j i^'ir jl^ Ijl La jt I'i'i^aj (<Ajjju 5j laj »j .^11 "5 J*^ ixJI^ 

I o j \ 1 1 La mi] jl <^Cj-ijj^JI) jJ-*-« V jl J U ~> jJA-aJ S j-i-a-aJI ~.l ■ . ^1 A. II 
plj iAl ~> 4 k -i^La-i j ki'h I j Ljl > n t's II CjI i i>~il II J-5_aJ I \ \K ^ .j ^ jj*^ . I ... II) 
Jjill i^ua'jLkj .jljjVI (j-a jl (j-o <J«-2 J^-<JI oLtjlll ^ j j< <"t II j <<jlj;ia. 

<Jj <J irll AJ H CjIj It'll *> I I 1*1 III! jl*S-l flj J-Lfl-a J -^"~ - (^Jtji^ll JjlI^JI jl 

^jJI <(^L-aVI C^JJ-^' JjiaJI jl^ jl jla ^Ljia <il mn LixkS jij -Sj^ <jJajj 

* * * 

I h."".' t^-^* 4 cr* .sLaJlj tl^Jlj jLUlj 4*'^' c^>=^ 



oljjJl J*-***] .CiljjJI jliail ^Ijj jj (j-i^LlaJI olj .^(A UU-s nil 11a .11 ~5 JiAJl 

tf * j * * 



Jjja.j-o jj i n" II Ij4.fi <(jSfl Lol (JjJjaJI £±i ^L-uSU j j 1^1" 

.7-5 J*s ,t.ll ^ (^Ilo L£ <ciljaU <5UJI 
>J 1^1 a II <_>ljj ^j-i <jjjjJ1 Jj^uol Jlji>ll Sjj-ua LLjjJ ujj^j 

i"i > 1 11 tjj->j <*t o-a. (jj ' ' II J > I () II (jJlJ CjI () il in* II I 1 U -> V I aj *i r dUj j 

: 4 (j > l JfcJLo L^JlljjJ ijjj^l^Jyi ^yjj-ll 6^ ^A^J 'C£j-^ (j-o |».jjjj_c^Jlj 

L$_ii Ja itn Ciljj jjJ j^iaJlj ^ jjjallj <<lo"^o CiUJa Cilj Cfljj JjjjjJIj ^jjl^JJi 

.<K JjAaJI J-ual (jJh Sjj^uaJI 6dA .< I n'l'Sn ^LlL ^jLk S Ljjlio Jli^. J (jjjjSJ 

(JjI^IaJI (£jjJI JOjlII jLuu Jjia jjJt t^>i.l ^1 Sjj ^-o J LaOlai i A&Jtj 

( _ r lJI olj j I JJ-t Jjjj ^-J (j-oj <lj^a.lj (^jJ-ll JJ-«JI AjJ^j Sj-ia-i. JjS ,jLi 
^ "' - "j " * ^ 

jj .yJLJI £li-JI ^jiJI ^jlxJI jia: ,^iL-l ojjZZll J^j .Ujl^l ^ 
JiLiiu ^^Ifi. <>il; cffHlj '(j-IjLj <a^>j c5^' jU r> m»VI |jj-o oLIklo 3^=^ 



j i 'i r Cjljj (jLi li.S*S ft J .(_£jjjJI JjJ^JI jO 1-i n £-0 4 ill "mo II ajji A inMJ 

^ (}Ho <^jjj j*it oi l j ^jjjj_uaj| oLjj^J (jLUJl U^J^jJ' L*-*j) 2 j 1 Jjjj-o^JI 

LaJAC. J HI I ol-jjJJ^-!| pi Jjl S (jjjlj-a £_Ll^ajJ .S (IjjIaaJI I (j J * , Ml" (_yjJI tiLt 

:JjJ^-JI (>a *>aJI II* ^ uJJ>»j J >?\J fr* '^Aj 'u^"' 

Of^ tJ-^J -(jLijI 2 Sj-ojJI J^-JJJ J^jljuJI yi ia.lj (jji^l^JI 1 Sj^>jJI 

CiLj^&li i^ajj :SjjU <J ml "i oil SjJtiill 45^1111 p OUjIj-aJl *J^> <Ja>kLo 

(_P-o) 13 aj-o^JI j ual *«<• dLLojj <oL)jIaoJI JJLuiH (jl ci iii ^l La j J i<ij 

(Jix^ 14 a j_ojJI j *i r ill I n"ij <oLjjj"i*s IV I a j_A (Jij> ^j-a Ij-a-lj (jjjj-^-ll 

l!k <icliJI ,18 5>.jJI oCjaJI Vl5 J <I: ^J 'u^J-H^l ( C u^J^ 1 
jjj ua 11 .kjj-AJI jjlj 1,1a .noble gases il^jJI oljUJI ^ o m* ^^jJI j <LiJ>L; 

j-n-J la 11 jj- 0 ■ 8 B " ' <5jJLajjVI (jjL*-aJI IgJ^J ill (JjAaJI ti nij J ^a.^a-aJI 

d cAjjIaJI ji mo <iil j-Jl il-.ll 4 mn^ II d cjIjjIj-oJI L$-ii oj^j 

4jjJ-u«JI <5j_ic ^1 JxtfSJ oLijjlUyl o-o AA£. *ljj[ (^ic SjjLfi 4 i . i ft-S I I 

j-uaLifc Jj| .j-ojJI <-C jn-s n\\ a j_A ^j-fi i_Luo ja£ a j . hi 1 1I j i<-J *n I I ^jX. 

4» j mi <JLiL ^1 jj.fi J^a-JJJ .f CjLJo-JI J* m'. ^^ill dJ^ ^ (^lkljJI JU'i'iVI 
aj-A ^j-fi i_i_ua JiJ j 111 f <La_jjVI frl lArVI jj-t <U jj lu n Jl ^j-A if oLjjIj-o 

.4fcj)o^> oil 



JjM j oj*s vlljjl Jil .jkiij jj-^ u' <Jj J U^' ^"'^ aj_i i*S |j I t lj 1 Ail 
<lal£Jl it jo-^ oil C*i^>£. ji J .j ualiaJI jjjj <jJjL«JI oIjI^IJI j mi- ^, inLlll (2x>5.ll 
(jj-fiJl (jLS LoAlc 1 fljj l,\'i 0 <Ja_Lul^j _ j_uaLi*JI ^,-0 JjX, La jj-flj _ 
ij-ua^ljl jja-J Lqjjj <Luuj^Ji 4jjjjj ( j^-l • " 'I (J 1 J^e i_i_>ilLi j mf ^ ...I" H 

^Aj C<^> < i^l LoAlc. Jlj-"JI lj-ft J-Sj S^a-T 4-5Xt SjLJI (j^> ^^jJ 



(jjiiljiJI jtj-uu >i j Sl^pJI ii^i-o -lxjj .(jjj-iaJI (jjill j^U? <U^-a-» CjI*>1!I 

Ij-C. < t j-ij iti *JI (jj- 3 -^ (J-° CjI »*' > J iSia JI ^j-S Cji-jjj"^ IV I i—ij"^ > *< (jjJI 

(jli-o iL nj< II Ji A"i j o ill MjLs SjLJI pattern ^j^aj c>Ij - ^U* « ^Ja^ 

.iljjJI (j*C*t gljnjsll ,_>li ^ J .SjLJI jXfi jji t_ilSj| 



6 J^aiJI 



n>„,,. 



Argos ^jLJ <> Polyclitus u -j"j«j< ^ib jJI iULlJI ^ J oU 

i_<"i< Lo.Ur jj ml ujVI ^1 ajLAuaJJ j ,^Lt-aJl I ') n frj Ju-LI (Ijj>Sj 420-450) 
Jj^aJI f-^^-iJI vioa-;)) : C yL Lo _ JU^JI jJt ^1 <1Jj ^ j _ Canon 4iJ^ 
J IS II j .symmetria ^Ul >"> II ^c. .«jIjx.VI ^ jj** 1 ^ .» Uxh> 'L >- > jj^ 

^jtj '(jgj in ill j» uia II (j-a Sjj jlaJlj i ii nil f-lj^VI (jjJ (_£jljj ^-oLjjill 

JJ.J-0 JJLJ ((2>a-j L4j • (» -t . i m j n j 8 . n~ ^jjjl f-lj^VI ai$-l jj i mjJI i ill hjJI 

^LUI 9 UIJIj _ ^LiliJ SluiLJI oUUl ^1 <*J-t" <jI o maaij ^jifl 

<S jLaJI Ig-Lo Jjj*^"" (_jjJI 4 l .nl i ii VI j i^llxll 8 ^^-11 J-ua jlil - CjI i iAiLjJI » l« I 

.Leo ^Ul ^Li^l JSUJj 

^lijj^-HI ^.LLjJI <lfn* ml ^jJl _ ir>-*-i J* * ? ^ I *' I .» * 1^1 

<j ^-il ^iJI _ >L>UJ jj^iJI ^LiJIj - (1944-1872) O^jA^ 
, Jl . -> II oM - Monet (1926-1840) ^-^ij-iJI ^L^JI 



il^ v-^ L*-^ (199-129) Galen of Pergamum ^\ j*M£JI li» is'j^i (1) 



ClJjj tj i ti l i n JI |> 4 1 1 £-Li_a JLa-aJI Ij-A (J 4 ^^ -fJl-xJI i>« ' T 'ISll J* '"J 

^Li. <j^i.VI 4 ioaj ,j£J .(jjijial ill 4 »ln ^ilra o j^T. Laj'ifc <}LLe niiiaj 

^jxij* ) K i l^j SfrC jLa (j n mil i_flVT j-o jij ."LifljjJI j-ii. (^jjlJJ rt^uilj ^ic. j <l„\-> 

in II ^ylc Jl II f jj <"» <La_$_a ^L5-ILj dJj j a ^ II JLa^JI £ Jji 
La^j . < a j a -> Jl jl -> \ l$ J ■ .j5"ll a . , .j 11 oIjjVI Jl nuTi ml jvi <^ iALjJI 

j a t t Cj I Q^j j ■ ■■■ 

ajl mVilj jJoLilJI ' »l ,^,"<l Jl a", '.y I |j_4 La J^'l ijj^J J-ij .<Li_aJjJI 

■ ^ all Sljl 4 a 

(j-a jl i ii oil <iJj)l in ^pll <(£J_)JlJI (j-a ^ I ml La J>1~U «(jVI (j ^ jLuj 

I j-A Llla.Lj nij ■ j£j i" II Ljj I j j J aj ^jjJI Sj-sJI ^£1 (j^V t Jj-^'ioll (jJI j i.i-> al l 

.JlilJJ iLlifl pLmS,VI <LiL. ^1 S j-iLa jL^JI 



symmetry jJiLij ^ • 1 - ^ a ■ » ... -. _ jj_aJ (ji^jLi lAjJiLi" ■» m ~> 

0 i°Anf.l Ijl s J-±*-}j u>s <JL*. ^jlc. Ljjklii ^^Ijj - operation 

Lr Lt pI j-=J Ciiij Ijl La J^iJI ..." (jj <l a (j a J 5j Lo,.\ '> f. cLU <"h-> 1 '.lj\»r 

jVJ fSd^Jj <Lul!l A fcli£. (jA rtfl fiflj^j^i j Uj mm 6^ jifl ^-1 p HI'S II 

$ iA« J <l (j i-J n^'t I 'ijlf. S _>f^ (_$J^i.1 >loL»J ol j I nr . «LaJ (j! Jaj «"l^aj 

1 -I a ■■■*'! ui." ^jJ-ll) pI .AaJI j-xt i^aJ! ^"-ajIjjJI JLiiVI ^-a JiaJ Sj-L*_a 

^ reflection J^LljLiVl j-v". .., .sTj^ J^LljLil I n .anj ^1 (translation 

<4j<j hi jjJI MOZart OjljJ-a ic jUa n <LaL<u iol jJI < I * nVI j aj ui jjJI 

:LjjjIjj ^Ij '(jff-j^ (>> iiJjjJ illSyb ix£Z j5 ^1 



Q J i * 




, f | | | , | * 


a 


1 — , 


f * 


— » 


• — » 


' J J J — » 


1 • 









a 




/ 


f 






A m 


• 


1 "1 ' jl 



* * * 

* ~* s * ? " 

j^^^-oj SjLo Slj-« jj) i^" ^ ■» ih^j j| Ijjk (_>*i-iJ .360 j 0 r>^> jjJI ^j-u 

Sj£JI i Luau ■ °l .^."<l .♦!'.< ~j <JK itrVI ^ 4lla ^AC. JAjlj <Lg^Lj_aj «5j^-ll 

j£jj> ^jJI i no .ki. Jij SjUl Sjj J£ J£i j>us>J t£JJ '-' * ° : <^-!Lp* (j-S 

; „ ,. ; » " 

jjs ^1 Jjill ,t\\< oj .inversion (I ,,.<Uj) L^lJLil ...3 ^1 ^_<L-.JL 5 jUI 
.LoLcu <jIjJI jOjj cul^ Lo^ Lfj^lLil (jo^. jaxi SjSJI ^jV <dlJj ■-■!■» ° 

jAaj dl-Aj .5 ^Jl jjji j j'i's < I ^ialjj (JJSI lL *^ n JI 
— — ^ ' 

90 LAjjja <jjIJ>j ^-j^'sqII jjj-ij ^jAjfLoj .(iiJj a ^yjjl i_s^juj jjl jjjj LaA_i<'i" 

Jjii. <iLaJjVI I i* i jl <ic.LuJI ljjLLc (jljjJ "I aJil J La-jJ 1 80 jl La-jJ 

<j1 ( jlj^-tu . ^ 1 -6 J *S i ti I I) <LI n II <A J^-J ^Ijjl <J^J (j\ y&JA-? j-aJ jj^>_a 



I t ,l»ju (5>i.VI jkiJI (jSJ .Kochel 609 ^ Lf kai ;j1 Ic jkUl 6^1 j^iiLJI j> (2) 

I I J i J ii n II oLc J l-i 8 n II (j-o-i-a ic >laJLa II Alfred Jj-Lft ■ uajj *. A lj O >jJ 

.(Anh.284dd) 



90°, 180° 



120°, 240° 



(£^Lj iJ ^l\ <L_>JolijJI oljlm II .1-6 JSAII 

(jjj <JL=- Lf _Lt j-i^j i^u^ o ILi ■ - If. 

Jj^i. °120 j1 °90 L»jJ_i 5_ijl3-J ajJJ-i I »J "i r 

JJJJ <1 i r>l 1 .^j-jJ-llil-a (J^-"^ ^ J- 0 ;? J j~* ^ °240 
<j-« (^1 ^ 4 c n^f Ale _)_'*"_' jJ "Lil IjjJkUi ^ll^tijl 
(jl * J I n r <L<Lj -J*-! mi II LJ -i < 'l \ \ n II CiLiJ) "l ii, fi II 

iu « *C fi II j-i-c. vj^LLiVI : ( jLj_ ) ^i.1 (jULijJiLlj 

.(e^j-i (^1 J*i Sjjla nil <j1a*JI j 

oL*JVI dJj i jl itLuJI i-ijLic. (jljjj <>LaJiLi °120 Lkjjj <jjI>j e>jjj] 




*s n il (jjjili'n (Jj-iul^j SjLoJI <JLiji\ jj\ -» n II ^j-a (Jt 



^l i_n^ n II ^ U t 1 Slj-o I (j jC ^ <AI <jl ^ "i'i's nj ^^J-ll <jM-J-II CjLjj)" inn II Jj-o 

_ ft^^ii ^ Llixi ^jx (jLi IjJ .dJj «-sjj«j (jl (jjj J^-<4 <jl uJ J a I I <i!>j 
(jl ?jJof. ( .Ajl jj> _ identity operation S jJ -> o II o I « « II tf 1 ,./> 11a j 

*i 't's nj Cilf.l^a.1 SjLC LfK alA -fr^,-^ jJoLjj ^ J-lajJI jLltVI ^yi 

^jjt y <Q£J ^^Lij' ^f'S.oJli IjJ fdJj t-J> m"<'> <jl (jjj IfrJ £LUI 

(jl 'LfJ <j! n I ^^iJI <<_jjJoLljJI Cil_) I n n Jl Jit i±)_l -k tSj^JI <jjJs>Laj 

. ^" - j-lc. <i a iStSLU <LLL3 > jj < ^" 



^ "1, -I (| ". ...Ij t I . I f ^" II <LjJiLiiJI Cil t I o ■» II jn S Jjl -t <i II <t j I n 1 II 

^L^^UI f L^Vl 

<^I,W 11 LjjJa ^^KJI 1JLA jJjj .I4J P Lf -i Jj-S Jju I 'I'ljf I jxlij Ladle 

JU>-o jmn ^1 mi'vVI ^ Sjjl -> nil <UlajJI JL^jl (j^J . ^tlnl L t*l I j*C J-Aj 

J "if. <-ijJal II Jl qjlj ■ ' LlJ ^ » ml I i j hi I I «t I iALi^JI h i II 

.«<jjialjj» L&j, ~m '1 ( _ y jJI ^1 ,n-%VI ^ic jL^aliVI JjjJ (P^j-i 4 hi alio 

jji theorems oLia ^j-<JI jj;^" c^j-« m jiJ i_ajjL*iJ1 ^JuLi l^jl : ■-^ijjii 

U A » I 4 .(£jl_a_<JI u j < ft Jl lj-0-j) LjjJoLi^ ^(j-i (J^ (jl^ LaJ <^ ; t-> ILj .(jli-oVI 



S* „ ✓ )S 

<._■»<[ oil ^ I ^ULi: jA£I 6 ^Jl .V frl J imVI 6J-A ^jlt 4 j 1 of, Cilli Ijl La 
i_i >"jJi JjVl I 'JJ i a A ' ° ( (SJ^ L-a^j -(J » ~> ' Sj ^ mi (j-a I j ItiI '»" jA^I i_i < *S n 11 j 

<i ■ i, \r d /» ,,. I j I j Ul *." I I <f ^*ii f 1 Ul *«" <?-., j.\l Laij «, ! ...^ yi 

(jJI JjaujJ <LjilJl 6J_A (^J-Aj ~> <j I 1 4j iALjjJI <jjJajJl jj-o-uuj 

i - ^ £ * * 

4jj^i11 6iA jA.lj j .group theory j^jJI <j>laj <<LSjij <LvuoLj (j-ijj i_sjjLjlj 

6^aj ^ ft ui> La (j^J 1 0 'if >j* LiS j^yjJI ^liljlll pljlftf J j jj-o I j ft m l 

^ 'Jaj^JJ SjtLij SjjC?- 0 frL-iiVl (j-o icjAaj i^-ajJI i_<Ht» <Lojji£.j .group 

* * set* 

6 j_A jj_a <l <lj I r frl j mVI 6 j-A i^jh £T jj ^1 jl ~> "ll jj-Sl-J a> J < l (j l J < 

(J _S j a" II » <S_>-aj j lol *i" II Cj\ > 1 ft f (j-'j'^" i_i i m <jl I *i >^ ft *J .it j) n -N a II 

<_ljl_^J . «ll __)JjJj (jjVl tj^yjl^JjJl (_J-lt tjjJjlAl A^l ^J-"l (J^j"'S'l . 4jjlj |_|» < \ftll 

120 La jji <->jl^ g-jLlll ^^.nJl jjj^ ^jjliJI j <^J^5Lij jj^-<> J^>- 90 La jji 
120 Lajjj j_i i_n*s ft II cjjjJ ^jjjl jJ jjajj V <l^_lH]| .^jjLs jj ~> » Jj^. 

^^Jt JjIaaIj '" I H ^ »" » I a « II JjLi IjJ <^j^.VI <_ijJaill jjl ^ a II ^a Jj^Ij Jj-^. 
^jjJI ^JaLijJI CiLJ ftf ^jJc rf>j Ijjkj .S Vj-tj ^laLij "LlLoC. JjlliLvj ^IjjJI 

C>LilaX. j-aj jjlj IjjS . S j^j 

<Mlo (Sjil 4 .All jiaLlllI 6^aji .»La-uit ^ U»"l <&lLL^i JlSLil L^J ^^lll jJaLxllI 

. (3) SU(3)j SU{2) Jla l>aj c»3j <JjU1xuj .S0(3) (Jl^I 

JJLluj j-ajJI ijjJaj i IjJlj (j l-il *m 11 Cil 1 1 ft f jjLaJL) S^ajJI a j([ 8 a jj| 

llLLlj Jj< 1V1 j^li jl .internal operation JLLLl > iiUt ai» ^u_>ll SatLS uaL^I ^ - ^ 

jUI) .internal law of composition 
iililj ijiac (>j (UU V »^>J I <lj^ <iJ> ijSLiS y-s Sj^^JI (j[ Jli, J JjVI (**) 

II i_i uiLLaJI jji (j-o <Gl tffjj (^jJI *Ll*UtjJI CjIj inLaJI J JLo-ujVI ■ (3) 

LaK ^ ^j^a. Jjl !(e;j>at) «Orthogonal» < n K ^^J^JjI^OjjlLUji mL 
j «J3VI ^ <3 jjjJI j .>oJ>JI aia ;> «Special» L^U. ILaI ^^jaj Sj '(i-^ j) «Unitary» 

.jLuVI ^IMiJI J jJUl LuLAi ^ jiH ^1 _>IiLi-JI Olfiac Jl <:[ :<u 4 j 



<Lxja.j_oJI 4 ~> j ~> 1/1 II j|jx.VI j« j n -% .'> ->t 'i I i^lui < oLj-^oLj jJI (j-a Lol_A Ipj^a. 

Sjfcli <jl (jijlalJj «f.L_iVI» <c.jn7> o Lfj-iljjiL <...-3,-2,-1,0,1,2,3,... <JLJIj 

(Jj-^j-s 16 ^JJX ^ ft^ J <«->l -> (jL£ LcJ <jjjlc. II <Ae,e i ^yA lajjJI 

mU 111 

(jX. itxJj J J Lj I m'l i n't (_yjJI jliiVI <jl fLJ <J-ajJI <JJ-laj (j-o P-j^. *_jI m~» II ^ lr, 

<>_>l > II jvlc jl^il 4 i * SI *' o jjjx. I 0 Lj J laJ (j^ o t t4 j <j S ~> f-lj nil CjIj hi 'i* 

jjj Caj <jil <J_u*iJI lift ^ ,JjjiaJI 1i* (_Jj dj JaI^ (jt ^ -ou^aJLj 

I 1 1 jj dli «4 nii't CaSjJI .10 J_i-aiJI <GjjLj J-aj-H <J>kj LJ -l£. 

j U . ... . sj< g I (^j^_> ^1 j< «j <Gl LajLLo _ <lLS iIiLL^JI a » *i m _ 4 j" '> ^1 

.LijjAj Jjia. IjjJ (j±td I (j "i j o ^afc CjLsjjJoj 



(jJaLUll I »<• jjsj jjj n" ^1 (j^j <4 i.it'l jialjjjl ^ jj'st'll ^Jl J*jJ 

.pLuaill JjC <Sj-^ (JO !«*»" ^jjjl J^ljJI (J^l <J jLt*J (jjJ f^J-^ ''Jojij tlljJJ (_yjJI 

<jS I ■Aal l jI^ji i^lfiJI ,,,-Jj .point groups IjUVill j^jJI ^ ^JjVI >ajJI 
^ J La\ ^ < 1 _>»$. a .Uj 6 jSLL! jiiLilll cjljlof Ji - s P ace groups 

jj| liLlj jlfi. JjlJI I '.'.</. .a tLAj^jjLj ^oj V j)"> inn ^ 6_>^ (jit's **i Labile uidaj 
^yjJI jt^l*'"H CjL LaX (jl .jJaLjj < j I n f jjuJ Jjiill jjjj 'J-**- L° I *J 

\ lqVI LjJLi j-o ^ ^Vl ^j-li. 6-L=tlj 4 U'j'l djJJ Sjji'tnll a.1 .n^VI ^Jx. ^j^Lj 
<ULSj jjj Lfit-J .'HM SjjilaJI a.1 m^VI oljJaUj JjLfi IjJ 

Oj V LiAj .4jjl_uai j-oj l^jL cLuaiJI jac jlaj ^^jJI ^jLalll (jlj Ijjft 

«oLaJjl ^1 ^ <jL^j}UI ^Jl alaj <GL ^JjjuJI ^ jjiilllj <^Lli ^Lt^JI (j-a 111 
La Lll n in" V <js»jJ ^jJI jtuJI j-ua^j (jjjL^a Lul jj-S jj^t'ill jl 

^ jLaj Jj^j JJLJ ^ <jL^jV La (^J1 j"> n" ^^jJI ^jLajJI ^ n in" . ^j^alll CiLlLj-J ^^-fi 

.ciljjji^U <j^.jj-alJI jiiLllI ctC uaU> jo k'i L^JV frieze patterns <jjjjil 



^iil -tsJj-i <j\ J-4 OJalilll <^jl n%.ai\ 4 glj II (j-S jjj-iV JjljJ-aJI ^JljjJlIII 

^ a I ([ II JjLaJI ~ "• ft-j LLAj .ajIxLal <_£-!-£ »l laj jl J t_SjLkjJI jj*s""> <c_Sjjkj-a 

iii") 4 i ii n-s Jja. jj :<J Sjj(| mi Jjtj LiJjjJj <j'i_if (^Ail j-o^JI 4jjJall 

UjLaj (jiaj ^1 j i^SH ,jla- vliili ^1 CjI^J^sVI J£i -jj>S^U iaia <Lila~o 
UlL^JI <M. n .a.ll 

^dl^jx. <CjLuiLo d 5 La j _ <uilla_o JK miVI jjjSlj d5 <^jJsJLj .(2-6 <ii 11^ 

(j-o-XJ i ii j Ij-Aj) LjjjJ ^ j j n 'i I I jl^ij laj-ii J)J i ~> "i Jjl J-aj _ dl i iiI ja 

(Elgin Marbles 4 jj£JI ^Lk j Jlo < V ^1 j <jej-*V^ **(!-'.' ^La>k.jJ 

A iiio-^ II Ci^lj*S mm II Jj^-t n e-LAAjl ^ji i_xJ_p ^1 (_^JjJ 

I I I I | I I | 

BBSS 

k k k k 

1 1 1 1 ^p ip ^p |p 



.Ij^Ij jUu}U C> ^JI LUiVI Jli-lVI »lA -2-6 JJuiJ 

(jl a i ^ a a oLaL^jI LLa j_AUaJI SjjIjJI j-^j <jV t 1 1 "i n 1 1 qIaxa-ubjJI <_j-o j-u^ > 
olj-j^il (JV JoUuVI Ji-a2 ^1 JK mVI ^ 4 II Lu^VI 6 1a (( J^-i ^1 *~ ,„ t 

LLojj Ijlj .jljjJL I \\i i/i"> di !_jjJI j-«>ll $J>^j ,jLaX,| ^1 <j a a I Jjl 
(jil <J_L<aiJI ^yi Sjji ii-i CjI jkAi i UjLajV j^J^ j! (^jjl V) <JjLa SJ^iSj 

LjjjJ t n i jjJLt Lo_ijj <(<_> j i mi 'i (_^jJI ftLaJiVI 4-jj » o JjJloJI J>_o ^jj*^ i ■•■ 
^ 1A1 > "a < J J.-> < I o l*i o 4j1 ' S ■ 

^jj^j ji ^^jJI <jJjVI CjI nj iii-^ II JaLojf JJaJ Ijjia. _ aljjco ^jl^ I nQ n _ ^Ko^JI 

.ljj,la. ^ iAj ^loLUJli 9ij .CiJj^ja 

(J^I^JI ^jUqJI Cj\ j Cij-u.ll ^Jl <jjLjjjJI J.il ■» oil (j- 0 SjLajJI (ji ^jJjj ^-oj 



<_T^ ftLlj jjljXaJI JjJ IsLajl £_Iujjjj .^IjJjaJI jjj Jl nt" m l jkLot 3d>k-" 

4 Q i j ~» _^ajjl <_ij-La-j fj\ J_u . Jjlj, \ II jjj jl'i i o oj Qj i i II Jj-o 4 1 1 -\\ jJI 

• ^jlji W II (jjjj JoL&jV -Lis ^ i iti'S i j mf < » i i ii Jia^jj icj^-o 

( _ f aJI LLSjJI (j-o 1 4j i i^i net <i ^ > .t< IL Lr i-»-i ^>i^ ^ " '"^ 

^LlSLsLLJI LLLJI lj^j» j .nil j Sjj^ldl <jlsJI <i_^jJJ jUJll jjk ub^' 

? it I *~< nil JoUiill (JJj JlSj iClVto JjAjj I (j K ((^^ujjljia jjj < K I i nil 

a; 

^jLi <tijl uc I ^ JjiJI lift LlLLjl Ijlj .<UjlLo jl (^l^VI j^-i S^jLU JujjI^L 

J mf 4 1 1 1 1 1 J pKl mil (>o .Lli LLoit < .u-oi. 4-*5 J t^Lp J" 4 ^ 1 

f LlA^U ^alc ^j^aU <^tj .(3-6 JiAJI) S jL> iLJI JuliJI ^ijLk^Jlj oK.AH <> 




<^i^JI <> .jjuJI ^LiiJI ub- 1 ^ 1 Jj^J ^'^""H u-n^W oKj-iJI JaUiVI *1* oe^i .3-6 JiAJI 
, _ > 



OjLS I jl) i,f.l Vif. <Jajj jjjj jjLj ^ " ?>j i£ \~i inV) (_j-l-C. JjjjjJLJI (LkjLLaJI 
P ( _ s _ii I j-Aj) iii II i_fljJU» ^^-Lc dtijji jl I't-^V <jjj_aj£ kill 3 j <(Lj_jjJ iiloj-a 

j hif < t i m Qja Ij^-lj (_>«->-l n In ft'i ( _ f -l- c - J^' ' "» (j-l • a ft \\ 

^yJI ^La^VI ^ J " ? ft II Ol >J>jJI Cfcl^jl ^Ul JXaJI ^Jh I3-Aj <l t-i ni 

.LljjJ S ft II JjljdaJI (JJJ C)l <Uft io"l 

^ .pLaUI SLo3 ^1 jLx^VI <^^UI i ijU-H LU:, ^1 J£^J 

/ v3j ' *' ' a / j-* I. * a mil a 

* ji j" * - * 

llA Im< nj .(4-6 J< mi II) IjLa Ojj-lSJI _.lf ^J^J Lodli. _ J_*3 jj L»-o 

i 

CjJjJ^JI i_> If iQiii j»jJLi La | _ f J[ j ^ l"t -> n CjIj Inl T> i_i uij I 'i>K oLt jl <jjj 

LaajJ t^jjj'i if>H t ft i/"i" (jl > ni-> II Lj.ii.1 Ijl I \*i*S I <jJaLjj jLa-jV L»_o L yu, 

* " ° - . - * 

oLlu; ,j_ (jl -.1 .4-6 J < .t. II 

.jbyVl yP^liJI yjj ^^1 

<_»J^lj L^Li. ^ j I • 11 J< H J j ; j 

LiLi l i II J< .Ml .U_o 

Lj^UJ JLL.il ?,.-,„ n L« 

d a > j U U x'iji . I ^ .... iC". a . d i \ ^ I j 

^j^jj Lojjj J-^-i-j ojJjJLJ 

jJl^3 di frl_j_it I j ° j L^LaJI 

o'.o ...ill llL aJ5j -,>lL«.yi JiLUll 

(jjjUl (j " \ I f (j-o (jjj I -Oxl! 




«> i al ■» ~i f. II ,1. 1 «„ll ,jl (jtj^Jxj 
. ,_j j a l"i ^ « (j^L^JiL j d * n ^_,Lsl jl jtl 



JSC jJb La 

[±^aj£. jL»_lo 6l_ijjjl <transduction ^j^^-JI ,^4 ^j^LJI JLUj'ifi 

_ (jjLt-aJI f> It I .^X." /> II ^ imjj aII (jxiiJI 'iijjJI ^jjjJlj 4j 

jLliJ uLh^ tj-a '1784 ^Lt (1822-1743) R-J Hauy ^ c^j+ 

<Essai d'une theorie sur la structure des cristaux cj\ j>UI ^ <Lj_>lil! 

6 jjS J-usi J-£j .ji u->l pi. V -\J ._i ^uo Ciljj LJJ <Li^k.jL=>JI 4*J() II £jl 

s * , 

C)L\_ajj£l «L»jjJj <l » t i r— > J-Aj) O "tll^JI I J-=>- <t 8j < J SjjIj t->? ml LaOlt <LjjjJ! 

o * 

Sjj-LJI <U-^ Sj ji ^Jai (j4 '- ' 1° '"" CSL>J '(jJ-iLxlaJI jl . . . IK I I 

si e „ 
_ <J$ il_£-oiJI Six Lx-a «LLo Cjlj-^-J I j iuj£ Ijl tj-ii i<~i a_t a (jVI jllaj ki 

(jjii ji .unit cell <j-ia.l jJI <li=JI ^-lJ - jjjjj oLiar. ^1 LaJj 

(J!La) <1>LlLo 4jMjJI jLxjVI L^-lS /jjSlj a LL* ... ^ jl (jjJJLjJI J^t LitLai n 

«... e - 

ij) 4-1 jl j)~ <i j I il a" n II 4j^jJI (jj^ f-^-J-? i-i_>"fc I <ij -tin Jl <(cjJj-i^JI <_)lf 

LMJJI 

jJI 

LM-vll 4 ui&j t-fj^ll J-oX. LiAj! oj <jLi «4j_jjjJI JLiiJI oLijjk^JI JAJ Loji 

oLIj it, ,£MUI jUjVI ^ <u CJ) ni,.JI <UV,U ^Ul 4^ jUI ^^1^4 ^Ji 
^ui: >iJI ^Lj^lj >oUlJI j JLu?JI jJ mio ^1 h „.'. .Bravais lattices <^'^ 
^ L^al^ ^ jyj ^jJI (1863-1811) Auguste Bravais <±±\ ^ cx~*c J] 
.' 4 '(5-6 J's in II) I o *i n loll Sj_Jlc. ^ojl j^. jj <Ci\ .1850 ^Lt Jjj^. 

http//www minweh.co.uk/bravais/bravais.html 



m m is 

Hexagonal 



Cubic 



Orthorhombic 



: Rhombohedral j [ Tetragonal 




Tri clinic 




Monoclinic 



^-it <**J -<*iL* ■-■ 1 .' < : A lt* (j^J^J* 3jj oliuU jbuVI <^^U1 jiUiill .5-6 ji-idi 

(j- j-Xaj aU&\ J£j £(^iaJ| j^j (j- isoj -jL*jVI ^i^lUI pLAaJI ^ <jil^>j ■■ < 

.Lujjj 230 ^j-o ,>i£1 J j} LaJi mail ^j- 0 t^JjI^laJI 

^ <A < 4 a Iftj a jjLt^K i <U^ p-I ■ A q 11 SLajJ La-a <U ujj£Lo Lai uia! I n't 



«» > 

(JJJ (j-o L> m l ml Lcjj <L*j^lu Lf lc J j .^,~> I I Lli^-aj I n \\ n j 

( _^u_>jl^la^ d a 1" A, - J^jljJaj l~l a *» II A *s i . ti ^j-S 6jj^"i n <i ' *' a i_SjL=».j «^ ■--■*' Jjl_> 
J^^&oJI (J^ i ti II (Jj-o^ i—Sjj^j JjL^JI I \r lu£1& ^tj^ <4 i al 3LJ a (_>iUj1^Jo <«l ■ ■ —'*■* - 
JSlj (L^-L-Jj t-iLiUI (jljft LfJ 4">* LT^' <LL_jL.ll jt <OJ>j£JI <-lLc <Le>lLo ^^Jt 
J^.JJ «G1 <LaJjLlll JaLajVI 6dfJ <_i j^LoJI <LuiljjJI j tV» j .<Uil_>-> j t*C I m Jj-o <» L a'. 
J\ jJi £-il jJI (J^J fllA <ajMa «Jaii» <LaK jJjj ji Uac Lljj jj 230 

^.n ml . k i .AlL 230 <Gl <229 j] 228 ^^jJ <j| .<ijj jj-^-o j <"! n jjjJI 
^1 jUjVI ^MUI 9I io'iII j .space groups <s & .Ai | oLj ^iJI 



<J-a.lj aLaJjL ^iLij (jlj^t ^^jJI < jK iti j 9 J U" o 11 J <LSjJk.j-cJI jji, Co^lfC II 

* * • ' fi ' 

S^ j »"> n ciLaLsJII olj t—iLij jlij-t ^jJ-c I (j _> a 5_>jLaJLaJI <_i 1 ■» II j * ~> "i (jj-ll 



jjJx. Lj <tj.i-i JLSj_>j_!I CjI j ^_jjj_p-i <jL£j 4<[l jjUl £_jL j>> jJL La ale j 

Ls-o CjIj jJI (jujj^" 4jl±aLJI (JjIjJo «La J-aij Lf^J Uj 1 ^ f-^f <<GjLjj 

<_oLft Sljl <l (j Lj ^yjJI <LijLu3kiJI j-ojJIj j tal II ^ J <I_LAj ^jj's" I 

Ou (2)1 4^1 j i II ij-SL 1 o^J^ o-° "'*' (jl I j ft i <VjLs .i_<j*t II j 4_luIjjU 

U nillj .Cil^^ll *■ *' " H (jii tj's'JI (j-c I mn (jl (j*S QJ LujiG 4 t-i uUJ ft CjLjj"i m 
aj_ft j-A <(_^ul -> "> II jl cijjjl (Jj-o <(^jOJi-o j i<-»'if (j-o a J i ~>j SjjAjJ U hm'i ft I I 

(_yj.ll iLjj^aJI CjjLi .<~..a"t (jJ J^kjll .-i nil *t ft 11 (jl^-«JI J-4 (_>*JJ-JJ .^J)U mil 

LftJJX. (^yjjl 4ln"ia. nil CjLujjjJI (j-o IdiJj J*S < £u I Ls-o CiljjjJIj CiljjJI LfJ ^ A^l* 

.jJiLjjJI ^uu (230 



(<XLU3 C(l_>^ Lfl-il OljjJI (_yi Li I jlj 

(j*S ,n.ft Jjx. ^J^l^ (jlj-Lik. <G in i .LL»-o I (j 'i n (J£j <jA» i (j-a I ( j iA*J Cjl_jjJI 
(j^i Sjj J-^ j-> SjjjJk <LjjJa Jj*s -i n't (j*S ft ft II (j^tj .^<JLl U"i ft II Cil^>SlLl 

(jSla-JI (>j .(6.6 jSliJI) ^jVI ilikJI ^ Sj^j^JI oL^LLLjVI 
Jjji Sj^a.^-oJI CjI ukLLloJI jj.fi CjIjjJI ^ .A'l <^JjVI ^yii :(j _t"»Sj jJb ^a^.Li <UIj 

CjLAijJt-JI ^ l(j i irt't <<jjLUI iij^JaJI fjjJjVI iiiJaJI ^jJ CjIjIII J-Sl 

CjI i j It II ( _ f Jl Ljj-aj IjLi -^yJjVI iiikJI 5j^a.jjJI CjI j-s ttJI (Jji Sj^^jjJI 

.ABCABC... ^li-llj .ABABAB... ^ JjVI t^^UI <jli AB,C,... ^ij^VL 

( _ f lc IjjU (j>£j (jl »*lj If. j <cj!^jH! JjVI i^jjjjJI ^ jialll o 't < «1 I jlj 

t.^ 

(j )» Tt I <(_yjUlJI i_i_i"^jJI .4 I ml Sjlu <L>d^lj <t 1 1 "k jjfc j <(j-mlj in uujjj j I t ft" 



olj^ O » 4 j Ijjj .B Mfaojl ^ n m'lj t^JjVI d fcjjftj I CjI iniii'i n CjIj^JI I^jj ^ l-i mj~ nil 

iLUJI ol_>£ jji Sj^j^JI iiilill iiJoJI -.1 ^u-„ ^ (j^U-H ^jLojJI o^ill) <JUJI 

Ijlj .((^jiiJI e-j^JI) £LJj-ui iii-i jjiit J laaJ LliU <ABA <jij jjji ^ <S jjiLxa (jJjVI 

.^^J&o >Ls <J yfjJI ABC 

** * ^ 

(j-a j^Liii i^il jjj o" II Ij-Aj) ^y**^ t\ ui_i"ij!l jjj />" IjjLi jjj^ ill 1 1 f 

Lij^. iii'i ^^iJI jjjLsL-o.il (_>Ajljj -<X.j'i" n Cilj hi Ti L^J CjIj^jIj <jLaJLij (IjljjJI 
mi" <(jjLsL-eJI •> i A" j .(iiijJIj n II j <cJLjj£JI ^y-A <U_ LU |j_ u< <L),A^lj 

al j-oJJ <jjLj4UIj dj<i".l<.Jl oL-uoUJI ^ jjp <jj^.lj <lLk jili: ,jl 
<slip planes iiiVjjl oLj" mo ^yi^ t j JJl - 0 ^Jijij t^llni ^ ■ I - ^ II 



( ^_Jj^J| J< ,i.ll J jlilj «^,l>Ut (>> ^ luj <<uxa.l >ll L»}UJI j1 <6.6 J< .» II 

fjl 4 'i'i - i n II CjLjj" moll <_£ jl <j4-*) <f5VjjVI CjLj'i niftJI (jj> Uaa SjjaJj <£. jn^o 

JjjS (Mia (CJjjJI) 4j i ill J mil < J t > 11 Cil j (jjU-dl J ^ 4-» >V>1I j .<i]la_o CjLaLJjLj 
<Lcl j)U n (MJLa <AjJ-> II j jj-l a iJI) 4 >»*\ nil 4 j 'nil C)lj (jjLx-aJI <jj£» Of*- ur* ■ " * 
4 4 I" -\ ft VK ml J I l» ■% j <1 (j i-t mj /I j -v »U < I Qj )-> <j£-&J jl t JjjJaD <J_ll_Sj 

<JjjjJajJlj 1a ml] (j"l a jJI 4_lijLa 4 ul 'j (| ^ H Cjlfclj J-ajjG_j I u <J mi 

* , * ' * * * , a 

(LiL^aJ ± x i n" I I .liXt S o CxS^-f La Li-H-£j <ljl_ijaj J m ft *(j-j2< 

Jj£ <j<i JIJjJI j_>AJ jjjifc .jjKajJJ iajjVI jbuVI ^yi Lajic. JjJ-tj Ijjjj 

iL-^L^II jL*J L$J CjUL-ai ^ L*J o^aj ^pJI JoLajVI 

Ijj <jLsu»l OljjI ^ 4jM iA>t Sj-aj 4783 <-ai (jl Ci^a-JJ <<Jt .cmJI 6,1* 

(3_XJ (j- 1 ! ^Ll^j; ^1) jLljVI ^ ..il. ft , ^ eLuai (j-i Sj,>a.>JI cAi j U o I I jjLa 

tc jji^ ... ^hypercubic Lfi^>i. <u Cj^j^ jL«j1 <j«jj1 ^ j c^j'j^- 

jj^Ji IjJ jjj Li* .hypermarkets Ujilj-tul ^ ,ji Ujjljo^. jljjl i»LajV ^-^j^ 

.jbuVI ^MUI «LAiJI ^ ^1 di ^aJI 



c-i ml *» ft II (j-a (j! 4 US') II .1 \ f . ^jlj <J- ^> >JL> 4 ft in" ft pi j h i Ti , 1 1 

(jl <jx ^La V 7>"ll SjLiJ LlJ 6ji jj ^111 JLaoJI jJOilJ ^1 SJjjJI 

ml i_)H i«-il ji-uiLLaJI jdij (jlj (Ijjj^Jj Idfcl io) (jVI I'l" "iljJ > i<~i" 

(jl > a nil's"! La,.l l r, j in" 1 1 ij ( j_)Jj Iri 1 t <-tj) -\ -» ft II j Ul -t ft II 6 JJk jjl ~\\ in Ljj^J 

4 li i/1J Sljl (jiJ^J (jJ ^ylaLilll (jl ^jixu <LlAj .^k_uiLLaJI dilli > >( *j"> ml .'I'f 1U" . 

.Ljj-iijjj I 'd ^JoLuJLs -(j^l jUI jiuM <jl jl <L-aj| 4j^S Jj «Jali 



j jj sal \" 1 1 4jn<->"llj 4 j 3 j ^. jlJI 5 jiil Vila Lljfjj Jjlju ail 
jULtj <l lJ ■■■ <j^>jJI tjj^ ui J ^7-,"'*' isUoJI loliai il ^1 3 J <^<ll 

translationally LJ -> ,„\\ I ^iioV <>»jJI <jj£ Ji ^>^t 5 jLa^j - 
^UxiVI JiUaJl jl i uaJ LU j .iLLLio isUJI (jji; jjl _ invariant 

^_jl_if LJ a ■■■*'! jj i ~i n *tf pLiAill (jl ^1 _ frl lAiflll <_uj^L^J < ^ J~'i ^ U II 

oLAiJI ,jt ^1 _ frLAill isotropy <_^Lll <•>/»'» csj'j- 11 ^UxiVI _ 

^.ac. -torques JiiJI ^jjx. ljLx: ^ rotationally invariant Lpljjj j^^i-oV 

JiLi^VI U^jlj5 (jl (£jj (jaji 'LiAjJoLljJ <-a-"i (j-ajJIj *-LuCia11 CjMj^j 

.(1935-1882) E. Noether j^ Jij IJU .jiiLnJI j-o I 'Mil 6 j-4 

<jl LaI i <Noether's theorem j^ j-i £JL*j_>-a tf * < « la. j ,^4 

0>>^ >^je <jkLL da.jj I n \i"> 

.gjllj <dJj £-a <Lfi <j£J <<ka.}LJI tjl£. 4lLaJI C)ljJiL\lll <_><a*J <-a5 
Cul£ Ijl Lo-ii jj< a~ Hj oUjLuouJI jAI I <iLa.iLo jj» <±*_S JAl <j1U La J£ 
j aI U II — L ... ,-. -v " j."i"t in o j Ul *." II J (j-^ SjLil JLj-Aj .jJiLljJJ < r> i " "i 
,U r, Jjl ■ '"j" Jjl^ IjLj :Cil i II j 8 I" ~> o CjI i l" jJj CjLsUaJ (J-oL^JI (_£J)\ "i"i II 
Vla-o LiLli (5 J (_j-8j .(jLjl in" n jjjjjjjjJI jjjJJb ^ilsLL (jLi t j kl Ti <t J /i* i 

<5Lk J ll.^ <dJj 
.j a iUII (juijJ <jilAJI p oIjjIj-oJI Q Ji uu (j^a-j <s CjIjji (jjjj^JVI (_).<■ i.uj 
6-° ^fjj J d "■ ^ a- 0 Cr*^ 'u'-^ 3 -* P cs;Lp- <k -Mj <c5j^ s ^jlj-aJI ul 

UJJftJ ^-loI^JI (j-o ^^Ai <jAl P ^jlia < _ f -l[ J j)~>"jl P (5jlj-« JfJ-lJ (j^-o^JI 
<2UaJI ,jl liJIjjl CiJ^J J-8j .S ^ jl ^jjl Jj~>*i_i I p (Jjlxo j_ijAj o n II (j-a 

<^.^j 4 L a ^ _ Coulomb potential energy ixijJj^JI < J < I I iiLkJI a « „ o 

• 'Ulcl O'l^ Lo jj in 8*1 (jVI (jAj^ajj ((joLk 



^Ji. J\ .^^LaJI i_tiil.ll J\ (( ^J1, n m.11 ...tt-iflll __i _ Si ^ill f~y> SUoJCa <il ...ft 

LfJU. ^ J-"-" ilo-O <Q3LL _,Li _ 1_-_^J1 £t J .pIjI^VI J-_k 

JjlJI *U3"Lu-a IflVsl <Sl jjjl jjfc <il inftH Jji"" jJJljJ <*_oKJI <L_U_JI ^jjj 

<£Jj-CJI jJaLilll lift Lj_>ii_jj -«Lit < ii nil i-L-» jliHi V LaJ__t. 6 1 _>-JI <j£. _5jl>H 

<$L» jjj (jo „y<i 6 jlU symmetry transformations ^^Liill c^U^-JI 

(j-~-> liJ*S it j -">J-^-l <-i^Jol j"i II Cjl _> 1 o 1 II LoLaj 4 t mj lj_ft J ijj -t ft (^1 Jjo* ijjl j 
4_i I nr *lj^Li >_.VI J-»_o 1 j '1 « J->jl i!l!}l_JI P oLjIj-JI _M>-J _>_L---JI 

V «Lil j.\ i j Jlj Lai <iilJ3 j .S_-_J_) LflJlJsLlo _)Li jL_ <j-aj <S_>_C_J ^>UL__ 

■P ,^11 J j S (5jlj-o JfjdJ Lu^ttJ 

* * » - 

4ajjJjUI <loKJI iSLUI <"jl Ul^a-S ^jjUILlJ iiijL. J_>_ jL-uJI lift 

-^s^ ^ ^Ladl ^Li_JI lift ^j-^-jj .jI-vj! L___J <j_CJ 

.jLu,VI ^U- p £ja* __JI jl^VI £^ s iSjj*, J^; jUJ <juJ 
^1 Ip .An.) oLJ___JI t> "L_li_»_JI £l^_VI J^a-i J Li_l_LoL> jl^j dJj_C >aVI 

111 .(9 J-^aiJI (jJI J^ajJI ^^Lv <JSVI Ly Ic.) viL?.lj jjW-^ 13-A jjV <jU-.VI 

^ If. Sj <"> iii n S^>5* (jl <Ua-l 111 1 Lj-ij-^. I (j U i"m cdJj ,j-s V^Li (J ft 1" 1 i ll . n 

* 1 _ 

^jj V jL«_iVI (^£-l-J^> LoJLc Sjill j (jbuVI (^"yllll LxaJlc i ii ft I I (Jj-oj -j" mft 

("jjJJLi Sjill jjj* ^fii ft iu.ll 1 i 1^. 'ill (jjJj L\j| ^^ajli'il (I 1 1 1 n 

^yJI ft iti II i_ilaill (j-o m ft Jajk j»^tuj I \ ftj .(j^oajVI (jJ^-IL I I L^-Luajj 

Jjjj <?^> Jft*>nll 6j^JJ laJi o II lift jiu .^gjll 1 1 lift II jj-lc 6j^JI mi jjC < U"j mi) J 

ijl^JI j-ui^JI IkLU °90 Uji5 5jjI^. 5 j^JI ^1 j^j .(6-7 J^iJI) S 
(u^Vl) Mil i!) 

Uf^° J-^-l "S^J-* *iMi*J -U^^ >a-Vlj Jj_ui1 

^Jt ^ 1 n i? nil <(j^j .°90 LftjiS <jjljj jjj-a <Gil t<Ul itift U"a tuft <l|3 itill 



..wlj Jjlj SjLiJ>j r u rili j^JI I d .Al i p CjUjIj-iJIj S oLjjIjjJI Jj^jJkj J . 1 '' ""' -7-6 J < i ni l 

L( -5 »_>^ JjlSI in « ^jLajJI (2)1 Lllxi Ijlj ..Hi II ^jjLij ^1 irti ^j-S ^jLfclj C>Ljlj-«JI JiLaJ 

^yi jr jLaiJI (jjj JjLu Sj£JI JJJJJ (jl <j! J I'l'l^nj JliSiC <(jjJ*J tl-Lij ^jic jL»jVI jL"»i 

^LUI .Ua ,,, /> II Jajj n ft II (j^> (jl LoLoj J j)<» ni l (j-o 'i <4 In m M nil ,_yOjVI 

,<3LLaJI (jjiii «p t jjjjl j^JI» (jj^i^J ix9h^ (j^j L^.Laj j^l 1,11 '(jUj^ tiJIjJIj 

iii II (jj JjVl ^jlj-tJI ^1 I nfl IjJ^aJI (j^-AJ <jl J-^'j-" LT* J.' a a M U-° 

(jlj lift .p ^jfjjIj-JI 53LL (Jjiij «s (JjIjuJb <j[ cs^h jjl ^jU'i < ii *i V IjJ .^jjloll 
^jJt ^jlaill ^jj <Gl j| :4K .T.oll 4>1a ^Ijlj V jaJI ^!Aill s-LiiiJI ^ ^l^-JI 

ft J t- j" a *' J 1 J laJ Jj^ A 'Jl J ^~ ' • " ' '^LiljJ'i-' d U i > j a <jj^ U al i ii n A]n • u 1 1 n II I i i/">jl 
V CiLijIao otitis (Jjj Sljl-inftll <j1 L$S*3 'U-^JJ^ Sjj cAjjIia ( _ f i£. <l o*Cl -*b ft II 
• J-jIj J-*_> j" i i ■ a j l-il Tt J^a»^aJ 4 -> i'i'i ^-A LjjJbUo _>^.VL> I A J">l U i"_y 

t jj_>j£JI <LiLL ^jl ,uJji Lax. LkjLaj ^"j" ■■■ <jjJ ia. S^ii cILaj 

gl ft La II .p (£jlj-a QJJ~'^ II <L3lla (j»i j *l U I iA ILj ^jl hi j V S (Jjlj-a ^ 

4^j^»JI ^jjj 4t_n i «*» «U nijU*>il o iZj^LfcLflj Jj^a-J j-4 tlLlj i_U ui II ^jl ^jJjJLj 

jl in^'il ^jlc JLj-o I j-A .MjIS oULLJI jtj^>J lj-*J <<-a-JjJoj jjj_>3^JiU <Lj1x<dl 

,>» j»-cjJI ,_,-Lt <gL. j> ...'>'> 4jlftr ^ j <symmetry breaking ^LnJI 
CjVLsJI CjLBLL JjuaJj <jjh*3 4 4j * i A ^j^LtLij <<L alaJI ^ jJilll ii^Lt 

jl <ii*s'il _>j| ^Jl jk'ill <L»jLj <JL>jJa <t_ajj .jjAaj I Q ■ a I" A, i A a I*. A. /.II 

iaLkJI << ir.1 ^ II i ■■'ill (jj ^1' ,m'<jI ij^JiJ Uij 4_il ^ < > kLlljl 

oliUo ^ (jjLlJI ^Isu 'it 111 <(9 J .^<ll <E = mc 2 ) ^LJjUTio j!"<H j 
SjLajj .4 1"^ II I \A i"i I j a i^ij-i p ^LjIj-JIj s ^LjjIj-JI ^ oLi jj'i'n IV I 
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(jjLlll II* (jLs «d!Jj ^tji. 1x10 3jl j j Vj lia. > a j ^ t-. jJiLnll 

r^j^JI >IHJ1 olj ^J^ 1 <^^JI <5LUJ ^kiU cJMII JLo^JI 11a Ji 
a^-je LUU j£L» 

Sjj j^j-i iiliaJI CjLj"i iii n ^,Li <5 J «-»<ll ^ L1j!j Lcl^j .SjUt (jLj (jjjj^JI 
I t~» n hi Le I jl < jjj-ic .Cjljlll ^u^i iiUa CiLlj)" 1 1 1 « 1 Jjl i_jj jiu (jJ^jjJj-A 

.^jJj ^ ill) oLi jjlUVI 0^ cA?-*^ 1 t> t5LkJI cr* 01 JJ ;: ' jl 

oLijj^JVI <3Lk <> SlJS J3l <SlL l^J s oLjId- cLijj^l J\ Si* 

La <JVdJ j i i~il 1 ■» II %\ r\ -\ Cjljj ( _ f -j-J (j-C jj ,i t " 1 1 I *i*t^ nj <Jjt i_t-Jj S~ ij 
C*jL£ LoJj ^ i - jj ' ■ j II 6jj CjLjjI J-a-i LaLaj a ([ I J iti II <_ijlll CiLjjlj-oJI 4 1 i iti" 

JjJaJI _>lj j <"i It <CijJi l)\ <iilj^-ajj .j unl'iall it^jlo iuLu^ ol_> .^-> *i 

LJ .^jjLVI Jji LaIx^I < .lO^ a j a jj n.^ L^_Lu<aj_i (<LA-iuljJI 5iax.VI) 
isLLil jaJI ^tL»>!l jiiUUI j lu&j « ^91 j-a UlsJ Jtlili oLij^VI cul^ 

^ jOLlI j..i'i aj V SLklLjj <1JqJ P CiLjIj-aJlj S CiLjjIxaJI Jjli <<\aJi jJ jSJI 

AaJL (JjJ^i\ JjiaJI <Jj in-^ IL Ijjk ^JiLlllI jLuoiiV q n ,„'\ (jl Laj .iSLkJI 

^ Jj^- 11 u t^ 1 ttj«j<H ijLi 111 .(8-6 JiiJI) <i >J Sl^-i 

«G^4^ ^jJI ixi^JjUl 4li^aUI <5LkJJ jLsjVI ^Ij^il jMHU 6 jj-ua 5jlLaJI ,^9 

(jLi <6j-4 jJajJI < o -\j Cyj (J^ * J J^-J^' cjLjjjj^JVI (jjij o^LcLilJI 

(5III J-aLUI ^tUlil dil^ii Lfil f6>lj^ J ^tLllU S JJ-^o ^ < J-uoVI (ji <a|jftl<ll 



J£i .olijj^JVI ±a o^ULiUI \iLjk\ lib -iSjj^ Jj^' <^ -8-6 Jiidl 

L*u ^jjJI Jj^jJI dJ*Uj V jSaitj .SljliJ <3lLJI ijJUJI ^^Jjill <i«lSJI i"U=JJ ■ Ojj'&JI 

^ajJI ^li ((oL* jjj^JVI <joJ ol^LjjJI «jU Lua H (J^^J Lojjx. ^iaLjJI jLh&Lj ^ n i n*l La 

- * 
(j£ Jj I'll J j I ° II ^~ <j" m oil jlal Till (_jX. mi i_S ^-SLJ V j ' j Ul *.* II 

gjLljJ Sjj "~» j-A <J jj ,jt Sj*s a i i_i -> r 1 jjj cjj^f J d-°Lj ■ j Inl '>*i II jl Hi's M 
.(cLijj^JVI c<}lcUlll i_u uu) j ■■!<•> oil ^^jJjSJI Ljj^SJI <2lkJl ^bli; 

cjLi j^pUyi (jAj JLLj ^ 5 J i^.4ll ^ UJj .«d j5 jjjj La-a jj^-JI Laj 

-^biiii V (£dJI <frl i nVI (_j-S (j-ljL) tdio (jJI Ijlju nil ^jliloJI (_>iiij (_j-S I 0 « na " j 
i_jjLic. (jljjj aLaJjlj jxjjj LaJkJjJJ £jl jjl i_ i i Lo^-ajjjj (jLi <lj^.lj LjjI J-o 

<jJiL*GJI ^ L^u1 J_uall« 1j-uJ1 11a .(dUJSVI II* (jn'st > jijjj jjLVI j <<£-I_lJI 

Lij1 5Ja^.!iLoj i^. y -k LjJ CjIjUI tjt 4 j j a -> j <^jjaJI JjJ^aJI Ji-i ^Li IU 

.... - i 

• 4 8 i m*S » > — ■ 1 1 (jx t _jjxj jjSJ < ( J-i3j ^jJjLj |jio <jlc jjJJLi (ijjJI 

<(JjjjiJI Ciljl i nn ^ 1*1*1 (Ci-aj II <-i j U *l 1 1 Liij <^jU~l im'i V Li^ LaJ j 



„ # ** ' ~ ~ 

9 4 i ... Ji 

•J JJ*"' (jjj a jjJI Cilj i/il-v ^jn^ C*^* "V <Sjj J^VI 

i * 

join ^ jj j <^Lilfi ^jljLaJI ^ jfl 4 n j\ mil ^Jl £rlia.l (4-LwjjJI aAjS (^ 

d"->r jl Lo Ijlj f7 J i^ill L*Ljjjjt ^^IJI <T , ,, Jl 4 A5L JJ .jj"* ■■■ J\ 
■ J i - — ■ 4 U cilj ^ JjVI ' a LolU Jk jaj I jjll jii «L1a Lajj^Lu, ^pjl <_£2liJI 

j-* <£jlxdl .Sjj (_y.fi <jj_>l£JI £>fij Jl ">l (> l-j>?^-i ^jl j-aJI J Lljtj jil 

jiojj^ <JjL«-o Ja. (jj* ^1 <wavef unction <u^>«JI paJI <j- L^LL iJU. 

• Ciljj ^,-fi CjLjjj " *S I I Jj ^ a V <<Ll_j_jJI (3-° 6-° c J "' ? 

^I'i-^'i ^111 ^LUI j^VI .IjucL^i (jVI <j^ j»x.VI jJk-ua-JI lla Jft»"t utj uu 

al *t \\ n (^jJI _ 4-LaJLj (j\ ^ m-^ ^jlt jJJaJI Jl n~-\\ <j! <jJb <Cxij£. ^\\ 
Jl! (j-S l_-a*j_<JI <JljJI 4 ojfl t^J"^ t> ^ »J - J.'lh" <LfiC< i (jVI ( _ r la. 
^1) Lfrjlj ...j 4la.jjJI 5JIaJJ jl jj» j_> cuilJI 11a CjIp-LAIBI JLaJi (jl . <6, £kll!l 

Juij L&^Iaj^J (jV) 5jjLjill <j-oaVI (_>-ij (<n<<lmll S^LiVL <3j> ..mil <JIjJI 

j _i ■! ~i jJ5 <U a. j « II OjJI (jl jJk Ij^a-lj La.j" fi /> VI n" ->,! ill s> Ij Ij-Aj .(SjLiiVI 
Ii4 .dJj U-^N *■ (jJ <Jal . ■ i j i (ja-ji :(j_ujjl£JI (j_u <Jjl i.nJI (^>a-i LsOaC LfjjLiiJ 
^L»_i)fl .-.M_» — a" jAaj j mi fij ji <S\ ^jlj ia.J -LfiJ J^=»-JI J-* 

S jjJJ j^JI <JI jJI I 0_i< ->; JG (_ylJI lififi iJLaJI dll ^ .CiljUl jjL^JI 

<l^-j-aJI OjJI (j| .Vp'tr. J>fijj ■ I o (j °H < J^J (jljij^^lSJI JjljJJ Lojjx. LfjjLi| 

(L^j; jLil Lpt ^1) antisymmetric J ^ « j-tUj ol a Cjj^ y >j 
(j^i'i i <_^jJI <»l i*)" mVl (j-fi (_yJjL> in ij .(j^jj^j^JVI (jjj JjLtlJI < -s. il i 

i,_i I U" n II ljJ& (j<o '(^jj j$ JjLi (jjjjjjiJ[ (j* jj^-oJ V <Li1 



_ J. Wheeler _>Lj jj^. jjjj <a_j o>?. LJK* <R. Feynman ^Uj_Li jjLiij ^ (5) 

^^Jl _ <jLt Jlj la.ll ^ jvMlj 
jl iii ^ 1 o j I r ^tj ? a i V-i II j_4 iqU lyl el a i U aac <jt ■* ■ k '■ Loj <^JLaJI 

.LjjLaISI UIU (jjSj J jj V I stj (»ll JiU. IfjJt "U^aJ; J!iLi. (^jjjSJI 

■ oVIji'i->VIj ija. ^Jl Jl jjl jj— i£ <JL-jJ 7 J^aill <JJ^ko iA5li« (6) 



^Jjd t m i 'ij llia-a. j tl() n-> -> j <Ojl<lll <boJ JjLfl IjJ <(£j3Vl 



tixLaJ; ^1 _>kLiiJI <j ^jIju jjK <^VI ^jla. <lc lAli*^ Lu>a3 p-^j-i J£ .dill 
LIaI ■*!*! Lult <<Lkilll nsji j 'if j (pLukiJI (2)-° ji SLi^JI (j£J .»! uaUl ^ 

^l JUtVL jLlH ol _>kLs ^ j toUj, internal iiLLlJI ol ^LnJJ 

Zj in^'t o CiljJol *'~ <Ciljlnl *i" <xxu L^jl (j 1 1~ i in jjjJI _ Cilj Inl Ti II a jjt j Ai i 

:5 J ua-Lll I a a! 1 .1 a ^ i~i | || Si jjJI ^~ \Kj n ,i i'i iii .I-Ajj ir~i~t J fl iii i _ 



(j-o .nucleon ,K '» II j-& djJi_i-o j^-ml La-gJ ^jloUl cjjjjj^jJIj ( j_jjju_JI 

J '*■ H) Jjl " 0 ll " ■" a Jjl "t LS^ I 0|) It ' (jl (j tl hi"i ft (j > n > i n> H (j->Aji <jl A-> j u mi n II 

jjjlh^jJI ^(j j)^ ujaj-^' >* I n <PJJ ' " ^ Jb-*-" -spin Lajjj3 

<j! ,_Jx. ^JoUllI Ijjb (j-fi CjI nj I I frLfjfi pLait J^ifj . 1 » a »_'.' J^L^ 

^jjjJJ ? jjl itift 4jL_uaU. ^V) isospin ^jjttlJI ((jj; mil) j»jjJi!l ^"o «<o <j .^.Lk 

t t > t ' 

JjLsjj SlcLuJI t_jjLic. jjljjj aUJil tfj.'^''!! f^jJ^I W '■ (t^jjj^JI) «on» 

I niU%t '.IL*. f-ij-Z> L*j» tjl nj maJI .((jj^jjijJI) «0» ^UjLj^^JI <Lla 

>LVIj <<£.LuJt i-jjUt c5Jf^ f^J^ jj o jjl^*' >*j (oi^j^JI) 

<-a-JjJ-J dLaJil ^j_c «l I < i n" n <JjVI ^-J-Jj ft ~ 11— i <(jjj K i II Cil j ioI ^ jjlj lj_4 



<Ua-ujl_jJ j h i*S 'i n jjS j <}Lol£ (jjuJ icLuJI ar <jljjJ al -^"il i Jalll 

j£.La3 <SLL (jl mjUI'ii, njj'sll J^yLaJI £_a QjjK'iH JcU2£ <(jj~jy\ cj%c\ a"i II 
<cl_uJI ujlic jjljjj &L^jLj igj ilVill jalll <JLa. i at"~" *j i.ijUl'ti ^>j4$ 

^pJI <JLJI ^ 4 II (J-o Mali Jill <^i£l ((jj^jjl) 4x.LuJI >-jjL5x. (jljjJ aLaJll 

• (uJ^J->f ) ^LuJI (jl_)jj aUJiL ^gjjln'ill j»_jjjjJI L^i (jjSj 

.ti'i^l <u-£j (Heisenberg JjjjJ>jL» <sjt^-* f-fj^ "-O-*^ ul 
jj-o «3-±^ ^ Jji Dobereiner ^Ij^jjj Jli ^ j j * II ^ triads oLiiMi 
^ (j-ILa^-! £jj-o-i (>> LiJLs ^^jj jij .(5 J^xill) (jLajJI 

<LxJ& (I)' J <J^=tjjj ^ A t 1 1 I inn I k i" j-o <LJ jVI Cil flj ima I I (jj^J (jt ^ n I I <j-« 

^ j ft -s * ^^lc. IjjLs i ajjl,.\\« (jL^ ^IjjJI ^1 SjjjJI ^ 111 jj V 

j-> T> <.ii j^aJ Lat f«Gj^ ^ c*il^ (_yjJI (oLiL^JI) iJ-»l J Vi » nil (j-o JflHI j-lUI j 

.LcLuxjI jjSI ^jj-aj (j^jjJ udls j <CiljU« oil 



<^LaVI ( _jJI A jl iAaJI ^JjJ j\ j j» hi (j-S <CjI nj 1 1 1-^ I I A n If 4_> j^ji* La (j| 



<LilajJl 6AA L* Ale jjj 

(j-o J'jU, ,7." (_g j -s j La .4 K ni o 4 0 ~>lj-aJ jj^ nl m o <J^-* (jt c/^' I I <* 

# . » 

< 'I ([ *' Ljj-Ll LijLj LoLoJj j ■ Jj^j *i' AS .<-aJ-bcJI Sj-S ^j-Lt J a'nj SjLaJI 

\SA fj^jj >^ fcj i ii a pLij ■"*' ■ *■■>•«. » ^jl < y\ n i I (J 't n Jjjji Jjii'i jjV <4 il"< iM*ill 

jjJLxil Lwaj-fl jl i*i ~k I Lijjt Ijl (I'mIc (jj » *i J 4jt (5jj-uj (J <<-» 4 II ijL^j (j_a i_jjjJLi 

IjljJLo Jjl ^-aJlj Sjyl (j-a .'II j" ... .j <^4^J1 jj t" iii \ iii o *L"u <<U^ ^ " "» "' II 

* \, ! > ". 

.<jl^-a ^jS oljl i.o"itVI CjLa.jji_o jjL&jj 

j^lllj UjJLL ^1 iL^JI ^ <jj£". oifi (Lllaj SjisJI aaa IaJLI Ijlj 

4 j,%l j n_i< Oik _ iiUaJI (j_a LiLS Ijli ^jt ^jl La Ale ^jLojJI Of^J^ J^-S 

jjJI ^ *i" in* CiLij-la-j ^ j io ^jJx: ljjL5 (jL^J <CjIjaJI ,_jJI I j I iojj _ "LsLjju-lo 

jia ilia .jLLjl .iLjla.lAJI Uai /s ^ ^kUI tki, oljUl Jl: oL 

f i 



i 1 o 



ijJjVI I Til i ii-^ J <^jj"»*S i II j i«~i* II f-LaJjJ 4 J ml ml CiljjJI ojt^ . Jj (j > o U 

iaaJI jjj ui (_>juJ yVI J i"i*il (5_>^-t Sj^-VJ •! iAijI 111 4 j ml in! Laj /*'**' «" 

. J5VI (^k. ^Up! J\ <4j"j5> II <JuAaJI ^ ol in-^ll 4JUJI oUI j^aJI <5uAa. (jl 
tjjjjl 1 n-ill I * jUa ■ ol (_j~JI CiLjl ji-> II JjLIuJj «La Aa. 4 > ml ml CiLjl^-i^, "*» >Aa 

(^ill jll (^jlll <"i n I iii'i mlj <1897 ^Lfc CjIjaJI oLj^j-o CiijX. AJ-a 

.1919 f U L^Je 

(_j^JI t^j-SJI t^ij LpLi^ia ^ ^iii (Cil nj >■ ■-> I I _>lij LoAlt 



^JJ t\ o J x JI (Jo^jj AS j .el^ijl i(jn» > \ I fl iAi i ml o*i > plj^.VI lilt J* 

(iiJLuJI j_o In <?i 11a ^ <jl <iii=JI .cjMcLalJI si* J£ (j£. 

<<LjLuao3l j '(jj^JI jj-i jjjj j ~>^i5 <Loj jl pLaixJI <*L3j J-"^ Uj^* 

Lai ^aill LuUa. (ji JjJ LpV Lil 4i jlLa - <jislll)l j <4_i , i u Ul '> 3Ln II j ^ijjl^HI 

.li^iy jjIi^JLo jfii _ Sjjj .nil j <ijjLj-cJI _ jtLlLJI (jL\aUl 

jJLJI jU j ■ fir, £_luLUI jjj-SJl jj-i <j^i*JI cjljla-iVI |> Uf.l j^a.1 jL£ 
^oJI _ (7> (1 879-1 831) J.C Maxwell J-*j_^L* djMS 0 ,, nj? g,r,|-,<; „,VI 
A dynamical theory ^Lj^JI JLsJJ i^Luj <j>ki jlji*j M-^i^ lt® ^j-* 5 " 
j^jill ^ jj<S'tll <pu>> J^l jl <ui jl. ^ jJI _ of electrical field (1 864) 
(jjj j3 j .5 wlj <i ■ ...jUl',; ^ J( ]< Zjli (jL^.j I n M ^jjk 4j i iM Ul i» ^.Jlj <LjL_^£L11 

^jljLi JfLjLa I (j J I r. J * (_jjJl ^jLlaJI (jlc U 'i II <t_lLo_cl J^j in^La 

j-^tiJI (jc >.U <o£J .ll^^ LwL* jl^ ^Ul _ (1867-1791) M. Faraday 
pLjjill ^ field JiaJI ^ ^io jl ^jl jli! (3^" J fLt^iLj < ? M*>> ^jc 

-.1 ~ ■ ... II m^, n^. (j_u * >jl 'J |) ^ II S__aill J-aJtj f Lo^ ftf j .6^5 j_uLj (Jl o <t Q ""V?^ 
nil i m nil CjI a « II j_i_> tuu it-,1 'ii nil Sjill J-oJU jjj-a- <<jj~> hi nil 

lifJ odl ^Jl jLJlII ^d^.1 .d^LuiVI (> S jjL^o oLL! j^HJVI cljLlS 

i „ * 

"II d » LtlaJU (J-ij) i ii'nLo ^-Lusul ^jJt LLsLvu (j lU il >") n LljLS j_uji (jj_i , >j -t^lll 

I j_A j^l o5j ^ uuJLLvi ^jd^ P \ * ut\ 4j| CjLijJj <p J-uaJI <l » i iKI CtSjJI liilj ^~ ^ 

E I>-VI ■ i .i. " fl ^Ul (1894-1857) H. Hertz jj;^ 1888 f Lt 

(_£jjL| <Li^5C 8 Sj-aj <Loj j ■ 4 *i ij -> II CjVI (j-A 4 -» >* 'i II CijL^J «<LijjjljJI 

(jjl " mi 'i il ^j_Lc (J-jj ni^Lo dVvll-a-o Ci i AjX. I fiiftf Cjj^yj (jJlJI <<l ii mi II 4_ijJaj 

.(9 J—iJI) 

ia (jj^riMi II (j>sJI (JjI jl (_jj Sj'v itill (_>n-aj jj5 < r*i t-i "5 m 5iJLj S^-aj tilLlA ^ 
Jjj-u^L. .-Jl iAl <q£J . Uaa Clerk < ^ (jj-?- Jjj-^L« jJIj (jl J^ii tajI«-o JLL* (7) 



^-e^J . E ^j-VI ^Ij.j^ll all^j <(7 J _4^l) 1905 f U ^l-, AmT 
messenger «UU U °>_ ; JI ol n _< ... ^ II Jjl u>3j-fl-ll jL£ <1916 fix G.N.Lewis 
j j j»_j_iujaJI 6 ji J « \"t cil nj m iS ^j «Lfi>*j particles 

,-.1 ^. II ^jjj J jJLlI (JJLLl (jjjJI <(j "■_> lalx» n J t ^ II J < I I JLujj^oJI f J in II 

i_i i uu << 1 *> j-a-ll ^j-fl CjLj^jjjjJJ i^-iLk < U -k ^Lo ^jJI 4 -vl j <ja-i 



<(3jja£JVI Jj-o <<J j <3Jj£JI <j>> j-ill .ULa.V <LjJI Jjti"'i .,, Laj I n o Ul »") J 

£-o^-o£JI ^"C i'iKjoll i_Luo jJLj i=JJ>» 4 j'i <*> i_)L_ujVj .<QjJI «LsL5jI (j^-aj V j^JjJJ 
4^3" a "' ( _ f J-!l) <ol " ' II Lol (f-ijjjjl j^o S»La.j j_4JjJL]l ^^Jl i_i uiL t <^-ijj"i 1 1 

jjJI <LLjLoj (fermions oLj ^±ajl ^ n mii (I i A >i cjLjjjYN l[j < oLi jaj j cjLjjjjjj 
, m3 tfjJI E. Fermmi (1954-1901) jL£ JU^VI ^L/^AJI 

C5JJ^ J*''-*-* LT^ - '-"= 4 ^ i-ij-il (^jJlj 'Lfj-o <-C. j n-^ n i_i i,-. j 

j_jjJI CjI oj ih^ II lift .(jjj^JI jljLgjt-o p jj-ula (j n i r- i 

^LjjjiJI ^1 4 .< bosons oLjjj^j ^ n m" integral spin ua j»-»>u L$J 
~i ~ II ^jJI (1974-1894) S.N. Bose ill l^ .t-.j- l ... tf II 

jl <frj ua II ■ ^(_j-J-o (jjit'i Jj-o (I j 'i o 5j ,i ,i5^ jljxl (Jj_o <^j)*N n II jt Ui 'i II «Ltjl i^-i->VI 
jj-S < CjLj jjj^i jjJk SjLaJJ 4 ,t ml mVI CjLttJ ma II £ ua (jl j ■ ■ ■ " J i n o iti ^1 1 iii 

Ij^. j^lsjJI i » jJI (jLi I jJ . oLj j <JI_ ujj^oJI » * ■■■ a II ^ i jl j » 

•CjljjjjJ J-a 4^ ml n" n CjLj jj-ojiJI j-o <tjn^ n L^-iL> LjJ^S SjLaJJ 

^ aP^' ^J*-^! LS-^" Oi^f f J> T* '' 1 1 ^ rt LT^J 

.<J <Jl^ Jj-a»J jkjjj a j nil i o 4 7» j'i'i ^ja *■ II <JJj (_y.Lt LiJijji jV i < 1"*^ I I 

mi oUjJjl <l^a. Sj ■ ' a a Ijio (jTi i » " (_yJ-ll <C»I a ' ■■•^ II ' la '"j ' 4j| 3 (J .-~all 

<ult i_i^>j <jjja. jJI (jJI 5LLa-o <Jj^ jj JLluj-o ni^> j^jLj. ^yiS <LuIj .L^laLL _^-s 



— 2 m 

J-iUj 5JLSUI cj\ ni m-y ILa :(E = mc ) <r.l*< LjjJo <_i ml vn <SIL °j ^1 
iSj-uJ <ui jjSLu Ida. I 115 j (jilt I jl V[ tsLDI ■kU-^-.l j^i -uk 

V[ <5LU1 JiLiaJl ^Jajji <i£. (jAaSj £j1 (j^j J^jJI (jJJ (j^f 6^ «J^> c' " ■ ? 

(jjJI hi n Jt y i <-JLc j f j ' " ' ( J_uul^_aJl j> i m -> 11 J ' 1- • ■ II 4_i_4 J-Cv^-i (_jjJI 

^uul l^"^ 5 J nil ijj^ Lijjjo i_i mljjj I ([ « l~ a 4 nj 



mi £-la3 ^j l c i 't V Jda. £ j j <CLa. ijjjj 

<S.j^J jk a J_l£. pLfll m ft JLujJ^ f I r.i-N ^InSj ^"sl^ i( j i ^1 I Lj <<LL_jJa 

^Joj^i Jii <uk ^^^kiJl (jt <jjJ <LlAj JjI (j^aj Pcr i liftj <JjVI ^ 

(j] I j j ° i a j V ,jjJl Ja-ii 4-1UJ1 dLL ^ dUij <<iUoJ JiLLi.il 

jjj jadltj r5LLjia plil m ft (j-a ft"_| (jj ^ iiijtil W nj^-'C ll ^Ls-iiVI 

■-'* ' ■"*■ I <1 5-> d 1 1 ij jj^jj^aJI o-jL^ jJj . I () al iii r La j U i » \ ^jJ^ <^ ^ \ II 

.^ciixnSiyL a j .wit j*. ^ sijji 4 .A r„ .djiii 

^'■<l tCil Lua II ^jn ? ^ iJUHI Jaju .<JLilll ^ CJlllI iijJLJ S jill 

a ' ' 

(Jjj jj"'^ ^ (jjiJ ^JfllVill i^clilll fMlai nijUI'ni ft.>^JI Jx.UlJI (jji Ij-lJ^ i i» inl 

<j lSi*i* SjJb (jK-oLj ^L^ lj|j . nijlnl'iii nj^Jl 1 a $ Ir Laj ^ 

(jir. SjjLa injUl \i nj^il S^ilt (jli <Aa.1j a.ljil_i1 n Lpjj <jLo dL 



.Jjtala ji. 10" 13 4iLui« JliliVI tj^All (ji^ii <(jj^iJj J21j (^JJjUl Ijb 

oLiLuu ^Jalj (jl I $ 1*1^ OjIS LI <jj II J> I nj II (j^-ajj J«'"i ^^jJI qU^i ii.^ II ,^-*J 

.C>La j U ft JSjjj iii 



J (jjjjLSj <4j i im njfl's ILi \ *ij If Q J *'"_'() a j_lC. Lijj^ (jl .(jii n i n (jjjln 

LL^jI <jj~. ui nil CjI nj ma II (j-a <L>j\ u~m jld£.l (j-a (jj^-a (j^ (j-H 

pLliiU a V laJ < jiL£ j^jj Vj <d*J j <ysU£ u-jia. JLIa :LLa3 ^-a^l ^3 JSlilll 

0 # f 

■fi s } g 

^JJ ^ "■*■ .'I'^o a :llia-o Lir. <JilfLc olj ( _ r f4 t<J nnUI'ii n^fl^JI <_5^iJI Lai .^LaoJI 
^ lr S j * i "~ <jjJb jj ■'!*' j^ d a j <<l i unlffil 'iii II jJsJJ < Jjjuj ,j -> 

. JSljlJL <j jlio 4j nijUl'ii f. jfl'sll ifcLfll 6 jill jjJI J JJLJ i^ya jVI 

^ n in ((JJ5VI ( _ f -L*-S < JjUH-L! Jl_ujj_a a J ii i p J i ii Q J*^J I Sj^-S 

£_<, la^. i a_.» .^1 1 <dclij ,_! > ,,„ ) (jVI Lf i^. ■ . i ■ m i<j jJ (j£j _ graviton l jjLJAjL 

• a « i ^ ■ 4 'i*S I <(jj"i 8 II JiLa <4 l*tX II ji _ti.\ ft (jjjj-J J-A (jjJ-J-alj-iJI .SjLcJI 

(jjlxiljiJI (jl ^jlc <La}Lc Llj_>1j <Ila tL-ai iJLijJI liLlj ili^n uu (j| .<CjjjJI 

l»_>jjj (jl (_,_Lt Ij-iLS (j>SLj (jl JaLa. jULj JiJ Vj ■< 1"^ II ^jx. 

J J »-<JI lj_4 Ixjjj (_,-lJI 5-i-oljJI ~ a II (j-o <LiiiLj <LaJi (jV <2 (jj j j ilj » II 
■ I Til U i ~> n ^fl Lla^J jjf^-J -i-a (_jiijl-^- Jj^?-J <L9_iLa-j ^jjJjJJ i if I lAnll 

.strong force Sjjj_£JI <<j^ii >JLJI jjii, (jajjill ^ (jSfl (3j.U"'i .., 

.weak force .All s 
<^aJ| t5jjj_i 5^*5 Jj^-j ^l"*"i ml ^^ic IjjLa (jj^j (jl i.a i j^ij (5^' (ji~it mil 

<4 1 1. in II (Jxl&j LjJ (jV) CjLi^jj j__>jJI (jaj <_ijJLij 4 . ... .LI '. j ^j^ll Sjill .jit i«a 

Id iAii) .jt ajj J (_JI 5l jjJJ Jj^> <Loj IjJ ^jiLuj ifiLolJl oLta mil <jVj 

La (5jJ In I iAIL ftLij^j (^ilt u J in 1 1 i j 7> i" I - "t-H- . M n Jt j i r>l la II (_Jjj J!Lo _ 
,1** J*t V I jLaJ <JJj (j-e gj"< ...I a (£j_lJI (jj CiLi jj Jj-dl J « ^ ■ ^jJI 

jiLU V '■L^L^.o ^ l(|jtij ^ill La "iSljlJI (jX. <n ml) LojJjJI oLijj^jjUl 
< Jjill <Uo^Li.j .jsA t- Lf -Z' Ljjja-i (jl Jj iLi 111 (<jjLj^ 5j3 CjLjjjj j;ijJI 
t CjL jj^j i'i II £_a 1^ ml n*i a JJa-i I j nh* n (jL^j ij^i *i" V ££JJ-II j>kl n (jL^ LaJ 



(jjJJ foLijpj^jsxll (jjJ J-aJU 4 j nnUlti S^ill (jva J-uil bj£ J^a. J (j-a Jj jSls 

ajLaJI cul^ LoJ <Gl tdJj jjJ! i , a i Al .cjLij_>j_j-ij-llj cjlj^jj_>jJI (j->->j <oLi j^h j * * ^ 
aj^J <jj^f ^j) i_ t -sj <GLs <a j^J j < n-* <A Sljj La j m-^ jaj <jj£JI <^-* 

* ' if 

.Lj_>5j aljj jhlai ^lc JjJj V - j_> in< -ka. (jjJ~o <LaSJI 4-ijUJI 6 ^Ul 
ol ft > in oLj^JjjjJIj CjLj J^HJ) > \ I) . j«S-aJI (_)Ajlj i_i I ln"l (jl Ljjt 

Lbk <ui _>ki!l Liik l? , ?J U j .'^(Ji-^VI J^\) quarks cKJ jUI ^> 
oLjUiil LJL^VI ii^^J! _ oLj .KMI 

<<jjjill I fl"*;*\j* (jjJ jNJ^I jJSj J i%i4nll JtlilJI Jj _ (£J^3 <jfJ Cil^slllll J <CiLi£jjJI 
LuLj l[j <6 j)3j j a I Luljj (jjjj (jl £_o <LvLo£. <jjj i«n jjjt I ji i > J-aJkj (j-^l ixsLuaJI 

<j-j_i <Ljj-4-!1 CjL jl -> " II J » i j ^ i 1" aJ-O iti II cjIj-sLUJI aj-A (jl :Sj-5j I iA_il jJLill 
ln-i-> Ujli Ijli IJ&aj . (11) (9.6 JiiJI) dl^ij ^Lijj^Jb c*Lks ^Lij^Jl 
(jjLkj ^gja i/i ^ in_iUI 'iil "j4^ J^LilJ Lj^^lLol a (jLi <(jL£j-a (jl aj uta Lul 

« * s * 
(jj-> (^L^JI JclilJI (jLfi <JlaJLij .(^J-JI JjjJo j Ida. LjS jltLij LjL£ jjJ (jl 4ij<~> 

(jjj Jmj *jill (j*- !>>-a. I i l"> -> o cXJ^-> AjS <<j^j-a Cj I oj ih-> (_j-Aj <CjLjjj K 'i II 

(jjj residual <lajlJI S^Silj .JLaJI ja ll^i <<5jJLaJI .ol^jljUl (> LpLyia 

<Sjj4'>ftll CjL^jI j^JI (jjj ajill (j^J .aljj ^J&i jJtj <Ija> jj,i<-i< <_jAa CjL> j , _iK"iI I 
Cilj JjJ-> ilLuij-oJI I ^"1 - • — - j <^jLjj /«l >a II S.WJ mil a^jill ^-4 j 

Sjljj .m.II ajUl (jLs <<i^JLJI (^^SU UMkj .gluons oLijflc. ^ ^ nu itUI Laj^c. 

CiL JjJjJI JUA g"'i iii J .CjL^jI j£A\ (jj-i Jl i^i Ajljp £_e |> hi ijiiiaJl 

.Jj^V Ci5 J (_yi ^^lcl jJJj !_jjt-i lAftll jJUJI I j^J «<JjUI Z>\'\~* mil)) j 

d^S: L^liiL .(1961 r U) ajliLl ^1 4 jn „,-.ll ai* i ^Ul <M.Gell-Man ^UK ^ J>4 (10) 
oj jj ^1 (Three quarks for Muster Mark) iU^JI l^tlj... ^ LJSJI _^ jJ <jV Ujj .kwork 
.Mark ^ ^.1 quark ^,Sfl Cxs^i H* 3 " u' ^.M"' <£jJj -Finnegans Wake 

a^5 fij-Aj (yjjjj 4X1 0 27 j-Aj i^LlaJI li* Jj-o LijLjjjJ^JI JjOJ jJLHU j-ii- JJ jij <aj (1 1) 

uj Jjj^I ijijjJI (jJI o^jVI J-a>> L^lLi 'u " ° ^ J^ 1 - L*jIa« ,ji (jijVI ULlijJo yj 

.lis. <jjljl» JLail ^ iiiiiaJI oUllatll .(jljS 10 (> Jft 



100 000 000 000 000 000 000 000 000 N 




100 000 000 000 000 000 000 000 000 N 



LuL j (j*^ f Ijj • a ' - — - (j-lj a .M "A". ...I iijjj > a \ II Jjjl^lLl L^LiAjI Lu4 ^ t /i I .9-6 i 7 i I I 

dLljj^iJyi <LjiLi*JI -(jjjJI -kliiJI) (ijjLojJI 4jiLiJI) clijjiiJI (>> ^jS- 0 

yLj^aoLjj ^jLuu (Sj itit gj ifl'il rt gjt in^ mi ^ftin^ Jj^Loj ^jjllil^ F-LoJI J^a Jjjj j£JI (J^jLa J1a 

yjLaJllI (jSJ .5^1)1 »i» U-* <JjiUlJI i^SJI .(jil _>t 100 Ljjjj » u-lt < -kl «" 

j .1 d*tl i .<->! -~> (j-o ^1 jl 4 ftjji i A II Sjill ^1" i*i ml 1*1*1 n £_i_jjt V 

J J .» 

.^LiLjiyi (d£illl) J!^> n .AVI <Jj> jj-Luill .All S jill c^-LjISI 

5 jUJ a_.al ~U_.--.II ^jU <cjI£ jl jUI <UV ±j jj'salll j-a <Liij La J .oil <j1 £-aj 

* * * * # 

^UJt,yi ^ ... Jl ^L^iVI LLiUI ^ ,V,_,j ,51 jUI ,> (jj^JVI kkiL 

<laa. jj ml (^Jji < U_n . Al l SjUJj -(Ijfj) 

<±iS ^ ^j^i I o Z W and Z vector bosonsj W \% ->~o oLijjjj ^ ...' t 

.^IjiJI ^ 5> 90j 

.gauge particles <jjLaJI ■-■■^ II ilLuj^JI ol ■■■-^ II ^ o . ..~> .Loj^j 

jl J>SJI jVI I *ij i^jij .Jj-Li I iAl j ^ujjJLII j»_^VI Ij-A J-^a! jjJLi_uij 

<<jjl_tt CjI nj uia I iAj! ^Jk CjLj jj K II j .4 -> ~i n II ot-j jjjjJI J <<JLijJI j <JjjjjjJI 

jLi .iiiiaJl .l^j" o !)Llo1 j j L . VI ts>2-!-l Lt-^l 5 jL--<1 Jj^ j 

jj hi I In! 1» nj j*sll j On i A II jjjjjjl ^t-aJ J-A <J-» j) n i ^ La ftlxt jJI <(^jjjl JJ 



lid .electroweak interaction a h%* .a jd'nJI S,>SJI ^ n 5j_>o. j 2^5 ^ L*_o 

CiLjIj ; uw 4 Sji \ ~» (j/~i-> <" (j^> I nl (j'l'tl JLa. <jJI J j * I 1 1 1 j tjJoLHil <Lo_uj j-A , Vj -\ jlJI 

■ i_ u*N (jc Cil mini II 



ikxul Jtliij Cil n_i ma cAj jjo^l .leptons j"jalll» ^lill <hadrons 
J£ A i u ,li ol^jljUl ^ VI jjJ oLijj^JI f-uJ j^ij .4 «_n - Al l SjUl 

pLl^iVI fjja jjj^j (Ciljjjjjjilllj <CiIj JJ jjjJI) cJLli (jjil iji » II ujU jli oil 

^ ^1 JjlS mm (jjjl j-S Jl nl'i nib Cil^jljiJI 6 j-d £j-a A \ i j o (SjLSjIj <Li_ijJiJI 

J 

.(10-6 J< ^Jl) eight-fold way ^UUI (3e>^lj c**-^ U»j .jkbUI 

I (j Lj *i in* <LjJ (Sj-^ri CiLjjji ^ ( ) 1 1 cJjjJ-ll Jj>^?-JI O-o j-* t3fJ-^-" 

^jjjjjillj (j>*J - ^l L°4j -jl"l Wll (JjbLaC. ^ya A ua\ \ II S_>-ojJI 6 Jl n»1 n ib 

isospin ^j^'' ll I ft o njjxi <J>3 (j\ (j-s <jt I "j < 'S'^lj iljLc ^ 




<-lAj Ijjhj (<uJjVI C)l nj ml II in l*i J i jj'i i«l*ll 
LL* **.'*''.' * '** ^ J ial *inll (£jjjJt JjAaJI 

tjj's i £jl J aj a * H (j-A^ pl q i utai <LijL&jJ In i nj 

<Lo_»j_i_c. jjj in jjjjj-i-ijlj <p ,jjJ5jj-jJI 

dLll_>i I j« ni*i ^JjAVI CjI nj lia II (jSJ i^j^^lLn 

ai+j .hypercharge "LLji-o 4'i-> A tf « uu 

Jajjjj CjI aj mi *LuLaj i^j] I ^ I "> ^j^-ftl <<JJ^JaJI 
I ..I i"i* j * ^* cA U li *h ^ ft *ij -qi ** * t > i 1 j 

.(_£^xVI CjIai ml II JjlHj 



•9 

ICil n J in ^ II UL diLi I II J . (J JI n -^Vl i <j '> II £■ j j-a-j <j_o L'i 

.SjjjjiJI Sjill *t t— ■ ml^j (JcLsIj V iZj! »j in? 

L^j .(11-6 Jiill) cLijlJJI t> i^ij ^Lijj^JI <> oilil* iiti 

iiCJI c^bJ (> ^ jLi .^Lla H SLpJI <^j>alll c^bJI JLJI 
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- doj-^b uj^^-li ^^-jL«JI c5^[ j^^; -VjI ob^j-JJI iiJjJ 
jl) tau aJI 

Jsi _ ti=> s j\* <±£ oU ^jj_>j j/JI .<Ullll <JjL*JI j-i (tauon (jjjW 

JaLajVI j-XJ j jj n*i 1 1 (£j-iJ <J i«-il -> L^J (jj^J (jl i-i^' .(jl in II 4 5j H 

(jLi IU .flavour 44I1II ^ <-a_^LLJI aIa jx _>lsG Sa^ 4 «K Laij <£5}IAJI 

6 la j 204 j^-Lj JJiil <lA^J ( spin ^jjiJI j ?i» *JI ^-ij <U < JIjIaL 

.<J jUJI Sj^j £jJ ^1 5 (^JSli jfe H 204 <WJI 



_ jLaJI i ,1-^ 11 ^k-vjj _ antiparticles .Anil ^1 nj ma II Liul dlia 

{VJ mj» II .Lo Aa. ^1 J_^_^JI jjLi j-A Lojl uill.'K ( _ > ujJ <il iliiaJI .LjLia-fcj LjjjC 
<<-j-a mil 4_lu£L»_o SjLil <U ( <J Jil j-aJI nn II CjL-uoLL (_>^ jl .A n II 
(£ jJI j 'L>L=>jI Qjn hi nil pOSitrOn tJjijJj^l >4 Jjjjj^JV jLAaJI « ■ ma II <}Hai 
^yjJI «L1j-luVI .4_mij ^^ISJVl I n() j > .< i/Vij jj^HJI j»Jjjlllj 4 l"i^ II ^ulj <J 
SjLaJI ^ya J ' I ' (j-S II La l^j-A <_>_S j k ' II LxJ-Lc j " 

CjUjj^I Lf li\ 4'<,m II cA£jlj£JI J,Li <(11-6) J£_£JI ^ <5j^ Lo^j 

j-lJ n* I iVs nj <Cilaj*i >IIL J)1» j 1 I n iQj .^j^Ll^. I J *> « <Cj^-jLt iMj ^jjJJ 

Ua neutrino ii^j^j (JxmSLI^U <jLl£Jj£JI Jjjlv.lli .l-p 1"< <Js^J jj cj^jUJI 
La^Li^j JUJI .down quark U J p II djl>Ulj up quark j-tL^JI dJj£J\ 
(^-cJJ ^jl^JI j^JI -yJI^LlI ^ .^j^l 13.7 j 8.7 ^VaL^ 
^strange quark *_jlj>JI djlj£Jlj charm quark Jjn7.il djljill L*-a •Oj^jjIj 
^liJI Ij^j .^IjUl J*, 3005 3000 ^ijj ^jLl. UaLJj JilJI 

dj^j (1995 |».Lc. .„« .?■'><! ^jJI) top quark SjjjJI djj^ La_4 <l1j^^j 
*_iVT 10j 350 6^ jLjL f J nA, ,a <jLjjj Ll^J (jljiJI bottom quark _>j_SJ1 

i2)l_4jjj_jj j >*» II {jC Ijjb (JjJ jJ5j <<LLLLL^> CjLfij _ La^-lC. j <<jjjJL!Ij <t lajl j II j 
*■ II "'I 'Jj"'J ' 'J { — > ^- i J^JJ-? I ' '■'**■ Sj j <J^Jl njl LljjLa p In ■» o j .1 1A1 >l <L9-l!La ^ II 

j'tJH jVl 4-1jUJI ,>4 <iJj-o (cjI jUI ^ Uj_> ikta-J) j^^VI j 

(H <(< ^} \ 6 I I j Sa^LuJI olijl^l fOj^p^ (i jj^l^JVI) ol^J^lj 

<pLj hJj-uajj .SjLJJ <jj>«J1 Jl^-iVI JjJ-o jjijJ ^ji VI C5>^-^' Ci^bLaJ 

lA^J Ji ^ d^ii V (2>£J J jJ^JI (> £>i <!lJIUI j <j^IUI (jalljLiJI ^1 jjjj 

(j-a <GI (^jj_lu S j hi llJI ^jJI (_i » mil JjJLj J^_S tj^ t tJ '■' <jV <l I I in 



(jJI ^J^-Lj Ij-Aj .6J^.J oL^jljUl (j-a £l <-i l m'.< l (jSfl ^ia. jJ 

£_o Jli, \-> i hi ^ n lr ^ jj n \ I (_jjAI Sj-^ ft ■ >l ■» i" 111V i'II tr \ \"\\ A l-i->^La ^ \,\Y\ 

i jl Jlj__».VI U » ft (jj-ijLij-JI j s a.1 dis <(J ua a II <_>L^_j <j_a Lljl jJUl 
oLi^^Jij ^ d >jJ La (jl^ :a^j < s"> » > j\ o M jl •>*>!! <l j ni l -■ " ^-fjV pI a If 

jjiJ <5j *■! i a C>L£jl^a^-!l i_fljJLj j .1 j»J -<-ij "i II i"i -> ~i I (j nrj't (jl (jjJ 

^J> <LJLa. j a a I * <jjlkj JxS (j« *L> j fr lU a LjjI J J JLJ 'b^S^-J-" ^-Q-^-f ^ a "*J 

S jU^ 11a ,^5 oj^j -ii j ^secondary (jj&i ^jjjjJ; jjj-a Lajj^j (j| 
.positivis -a^II _jJI Sjj£. tiLi (jjj i iKj I j-Aj <(jj^Lij_JI aLaJjL 

(jJ 4jjjij-aJI CjI^jI^JI (jLj ^"-k I \ \" LpV <<-olj-A O mm I J <<a^J LiA <JjAkiJI 
jLjjl £-a j» h i <Luljj 3^*" 

SjjiiJI S^DI (jV <l djlf j1s«j 

I <<T *j .jAuj I jj loJ ■ jlaJtVI (j* Cj^LsVI < ^- J JI ij*^ ft"" <jJ-S <<il iiinll 

jLSj£.V1 I '■ j I r J^-* 'LftJ^J (jl-*>jJI (j-o «■>=«■ I (jjlf- jjjaJI ^dt (jLa 

La jl i" r Li Sj_o c.' i A <j Laj i r oljjJJ ^j-^ LaiC I q iA <j <cjL^jI^^JI j^.-^ j-i 

IjJ /I ft.tj j I ^ " ■ J 7 "' g^L\j (j a i aj ' Ij-Aj <j H j nit" Lj-j| *?«L>3LjI im Ijj-°J 
!*'(] i tjjLajVI lift'tll li^-J U'l'itft CjJ& ■ LkJ y^-J-i £jl_ajVI I'm If (jjJLjj jii 

Cifij 6Jj,jj-lu La (J ^ ft a -ll (j-a <j1 .K" Loj^i <«l II Uft'ill 

i .^1 A. L^J oLjj^_^L1I t^y> Cj^LiLc ii^lj <Loj ^jl ^jjJi I j " d ' La (J^4 I, itij 

<<&llLa a (_J^5 j_j.fi 4^ jl iii n II ^j-L^ ^> il t" nil L^jIj-ISj L^jLujJj Jjjr_cu * Q A ■ *" - 

iji 

oL^^JI ajjb (_>^ (jj^-ft ' ^ I * ' La jjij (illLlA p-jj-^ J^J -Sjj J mi l S_aill <L_oLi_ij 
^j-S <^JlaJI _jl .<jjLuiJI CjLjjj^jJI JaLajl <*_>j1 *lt-i miI^j (jot i > I (] * i Jajjj^JI 



(jLi <lj-2>- Sj 1 » i<~> pi ft I ni^> II (jl ^-aj ,4_il t*S II <LlS La_> Uo-1 ■■■ I (jn 1 1 Llfl i^a j (j_Ll 

<->jl__c cjLjjjjj '(^yJjVI <JjLtJI ^jjt Lj^j IjQ ciLjjjjiji - Lajdc 

(jl ^1 L>jji!j aSJ .<_ua_LLaJI iLLiuJI (jr. i^jj IjJ MjLa Jljj La _ 



% i jJ2t j-g-S <_>-o^l Ij-A g -ua (jl ? J i -> j fr^ iti I 4 fl I" n J j n ^j--- » ' i 

< j-oVI I lA <J \ » i I jLa ji^i LiJ J Ijl <jl Jjj . JLaJI j-A 11a u^J ^ 

_>ijj (jl ' <J*^ (Sj-*J <_>JoLajJI <J 9 II Ij-A (jl^lt <_$-N SjjA-ll I 1 r <.i~>j j 

* " t " i * ' 

.^j-o <Gl < Lr l£.Vl (j-o .Lilj (ki^lj ^ (jl 4^ ^ 'U-*^ 
^jjjjj .(1 2-6 < ti II) I mj in o jjjj (uj 'j* II ts^l o^L^Lj) * ljuj 33j J^>1 jji 

Uoj .dJU; (jJI Jj-^jJI Ojjjli Uj mj j-oVI (jU oi*JI ^Li 

f I l .til (jjj JUj^ ^yjJI jliLllll CjIjI nf (jt \ "l 'l (jj-^ (illj j^JJ J-4 LjjX.LtuJ 

■I()'m> <LjIj V (jl Ijj^Uo j^ajj 

» ; ^ <Ljj_ilJI Ij^j i _>Slj ^ IkilaJ .1 2"6 J < in II 

I A ft Jjlt JJuJI m^uI-U (^jj K 1% ,jl (j;iJJ <i[ ■ J '^»all 

La^iL I nj ji jiij ^,1 (jiaJ i nn j {^J^} lj>*LIi _>^^lj 

jjk (JLjljVI ^Lboi j« iii-^ I n Jjljk'io 




gauge ^jLx«JI ^tLnJl J!* >.S lx^AJ\ ^ jh'.ll <iiV 
ujL-luV s ^1»_JI j±L j < <-. j-JI j <\\V\ II <jft.i,.uJI 6.1a oiaitl is j symmetry 

Cil t'lj'i i n II J*iLk <jJLc qLj'h n pi a i ma II pLtjx&l ^uni (jl J^S iJJjj i j i -> jjU 

.char JUaJI j strangeness <jI Jlo sl n J UjI n "d j <t jjj m.»JI (j^ill ^ 



<alklaJI cjI >bLijJI (>. j-a tsjlj-*-!! ^kLnJI .interediate vector boson 

(jj-. (£JJ jial *>*> II dLlj £_a j .1 (| LI a" in iiLi O _>^j <j1 (^J 3.' '" <SJj t » ft I I 

^Ij oJ>l^Jy > il»Jj L )-i iLlsua ^1 oJjjlJI Liik <£jL±*JI jliLMJI ^-e-aJ 

<phase Uj^Jb ^ <5j-u=Lk <1?.><JI <JIjU .wavefuction <l?-j-JI <J1jJI <l4l=> 
11a t ■iujj ...i m<ll JjLB ^L^i jil <^ iiLIU <jj£j <j! (jjj <-L^ ^jJI 

£l ^ &a.jjl <JllJI iaaS 51 ^Aj <L£jLu ULjSj ^1 <k3JI <> ^HUI 

lj <la.jjj pill JjOaj I »< II! <<jjLjji <J-a-Al <J (_^jJI Jj^jJI J-4 <JL5j 

jjia ^y-S j_i ■» " II £-LuaJ i_ i m l *i o I I (j-o Uj^J " 'J .<Lliij I fl a 1 j-a ^ Q M (jl <Jajj_«L 
J < Al l) L* j ■ fcLaJjl J^a. <La. j^ll (jljjJ <JojJ jjiL j» > 1117. I <jls. jjJI <UljJI 

gauge ^L^t J^j^-j JL" <-LijiaJI aI^j jj-^' J^- 1 -*^ oi . <12> (13-6 
>l dil dJj <o^£i ^1 (j-LkljJI ^tLllI oljUr ^^.1 6la j .transformation 

d .".I . j . a II ...I .all ^ CiijX. LoJ JjJJtlj ^yll » iti'tl J^Li. I'ljMf O lAnfl 

.-■•»< Ijl La (lj uijj <J^.J-aJI <JljJI { J^. V <<la.J-aJI illjJI £JJJ> l J^. Aalsu ^iJI) 
5li <jjl^-a J£ ^ji <IjLj O tt^j <la«J-« <Jb ^Jf*- '^b ^ I'j 'ti CiU 4 

<L ' a - L "'^ (5j'^ a -" J^^^^-^' ui 'C5>^-^ *J-t*-?J <^-* <^-l>ia LfJ 

C>l 1 1 n 1 II ,'j_o 6 s-a ">Jl 6 iXJt , , ft ill t ( 

.U(1) . 360 j 0 ^ j-Li c^_£ ^1 ik^ul^, j^LJI jjjji", _ JL^UlJI 

a jji jJI » SjLt (j| . jjjlj I (j j lr IjJa iali Sa^lj <J ■/-»! -> c) 1 (JJI j^Af 

JjJjG ^yJx LLljji ^ S jLi^U j a j U 1 ilij^Ia ^>xu o ,„\\ «U(10 ^L^kLllJI 

(12) 

J . jjkJI JUajl £-"OJ lUjiui aUjll J^ja. helices ,_JI ^1JI Jlo <SjilA jj> Jl jj 

<j-^>LjJI j n r,i II »lo t j .((Jxa.1 j) « Unitary* ^ J^VI ui >>JI iUuL^ Li US <U ^1 (13) 





/ s x : f: A' tf ' A A • A 



U .3^ rJ - r ' <1=.jhJI JJIllI c5^LJI J^AJI .i;jU»JI oiL^^JJ .13-6 JiiH 

■JjK o J£ ^jj jOiJI L»jjls JjJjlj J*ir ■* '~ ^aJI illjJ! 1 Sj^ (j.'.'. 1 ' ^ Li ■■■II UJaa, «JI 

illjJI amplitude tiJli 11* .jjkJI jjii ,jJ[ S_,Li}U UjLilil oUJl Jj^. L». jjJI Jli Lj.ulrl 
,j1 jjLL>jj__j_ii iljLjLx £yi ■ .lt~"j 4t ilJj J^uij Llil (j^jlill .(14-6 J^-iiJI^ <dajaj 

>-j > - j p, » i n j I j_a j <U(1) s^jJI oLJ-a-c. J£ *lj^J jjlj gauge invariant 

i ^ ^ *• •* 

6-° C&A^ - JJd ^Lr^ j->^? .<LlaSj J£ ^ j^laJI j 41"-^ 0 CiLa-L^j' 

.<JjLcJI J\ j^J L JUjI UUj ^ Lr ^JI Ij^. £jL*JI JJZW 

i 

^ ^ j i- 

<LU_J ^jL*J1 ^^11 51 

,U(1) UImo.mI ^ 

ioi J_a 4c5 t ^jLaJI jj*jMJ I uaj gjtli <^>i.VI t?jill J-* : >* lil* j ^yJI ^ii; 

* t- — > ^ — " ^ 

,J| i-m-w 1 .-.I gj II 4^ jjJI Jl jjJI ^yJI iiuiL oljj_Ji3 JLkjV S.Ui ft Ja. <1>^3 



■ al"-^" j ijLLa i JJ^N <^ -f-^ (5J^ J, 1 ^-1 iAj} UU^ aJI Ij-A llljla. .14-6 J< m II 

L£) ^1 ikii (> , iftV. ^1^1 jja-JI i> lautf JlAJI ijjlj ^Li IjJ .(5>i.l ^1 <kli (> 

o * ^ „ 

tjufl'i l JjlLa <^.^-o 1 ^ (jl U^L)-*^ Jjj-ojJI I "ill tu\ Jij .^j ji i /ll l mi l <_j-fl jjjo-a jJt 

{yt l-in'lll lia gjljJI _)^*^^" o! ■ I J ""' ' " ° J JJ«" >H tjj£l (jl V?.' < g_ y i m . i l jjjU'l l : jljijl 

^ If Lj-a-fl-fi << j j > 41 .Al JjJ-^- J J-^J «_« 1 ^nlj j i i ■» ~ (2jjJ LgJ>VjL*_o »LL> 

I^^LuJI sa&j .(1933 flc i£) S. Weinberg dj+>Jj ^irs ... 
x^^LJI Hj» (1932 f U jJj) S. Glashow j_£}LS ,(1996-1926) 
^jj-al!l j\>*o j< 1 nf l$S\j (1973 ^Lt a t_n iAIIj <j hmUI 'iii nj-fr^JI ^jjj jil! 
oLiajJI j <jl .djU. Jj iSftll <5j^.jjJ1 ^>sll standard model ^jL« <J 

SjUl j-<Ji1 U(1) <jjJiLllJI 6 j_o^il jlaJll ^ 1 ^JQ^".' 1 ,^1 4-jjJiLUjl 

(j-A «SU(2) ^ ft m j O^L> j -> " 1 1 Ij-jJiJLj jJi^l j-C n j i4 \ mj Ul 'ill njfl^ II 

jLaJil jJk jj II ft->yl Cjljial'llll Sjjj <jj^ <t jj i~*J lAll &J-SJI (_j£. <Jjj hi n II 

j> ^Uoill J 1 ,U(1)xSU(2) iia^JL ^Ul <SU(2)3 U(1) 

4j < m" S^SIjJI ^l JajJ -4fij» ■A^^JI S^LlI L^a-J La-fjl -l^j" iii o ^Li^>\ 

i •» 

J-Jj-a <JJj Jjuo «lj ...jUl'ii "jd^il 6 jillj <i_iA^JI Jj-a «l a . » . (] < II 5 jiJU •._■«< ~ II 
i ; i«^ftll J l f (_yu J in n <JJj Jxo jjJt d a . « ■ A II 5 _jU| j ^, a 1 1 a^lj j JJJ 

■ < al"^> o CjLa I ~k "iLi 

PJ) ml <->j U 'i II (J- 0 U(1) j» iii til i_i 1 iii 1 'd a ■« . 5 j a II «■ > ,lif j 

A j •% "\ o II oLi jjj_JI» jj-A CjI ft > in <j^Lj p.j) m*< i •»..■•» SU(2) Lei .CiLj ^jj jj 



(jit <J!Lo1 (jjfcj <1 jXjjJjJI <*JjVI Cil nj m-^ II ojjn ^xcltJj ."],\"» o 

~s in "i jt ,2)L^ Lajj-t 1905 a.Lc. JjjJjj-LII >_i ni'^l j_Sj .4_ijl _> t, ciLjjjj-j 
W oLj» t? JI U f(7 J-^aiJI) photoelectric ^L^j^jiJI Jj»i.JI Iflji I'M 
CERN £^—o Ul_>^ ^1 ^jUUI J^U 1983 *.U c,iit.i<l jii Zj 

,ilaL£ u^-aJ V l() iti'Lil L£ ^1 ijjL-*JI ol j-blilll jj^S 

W |>j «■<■% II ^1 jl <" Jj£ . Z j W ol oj i..-^ II ~Jt& ._i > in; 



(j_jJj_>jJI <(_Ll£ (j-° _>^1 Z a i i ii II 4 I'l^J <S j-o ^j'll 0*1 (^jjjjJI < I'l'C 

^JaLij I *t* mi "I j n j'lf. Laj^j La^J .^^ajj-fiU <Jj£ jj V (jf^- - (jj 11 "O 

<jjLUI <jU .^j^JI JjJ^U j"... n ll S^L^JIj 'ujf^U isospin ^j^iiiJI ^J*^' 

jl Hi's M ^£ jjkJJ .CjI OJ iii> II jt-il j 1 1 i*S_t (Jx.Li~ 4 -y jVi JliJ -t J (jl l- i^J (Jj^JI (_j-fl 

Higgs j^A Jia. J!* ja. Zj W ol «_> i.. ? II Jtli" ^1 II* ^tlnJI 

^s^LLkl ^1 (jj^j^lj ^ ^!4 L ^ lJ, LaJi * <f ' eld 

^jjl SjLaJI i_jl hm<1 j*Sj ft <jjT (£>X~J >c> mjJalli n>fr£.ll JiaJI \.n<j Irli" 

< <^jLiuj <1JI oa.^151 j5j fL^^lil ^jJI (1929 Jj) P. Higgs j^ja 

F. Englert jjK ; -l I j-uuljij R. Brout j£ J±>jj S$ a* <<*jI-**JI 6^ J^-51auIj 

£_a JfiLfljJLfi IjJ lin ^ii JjiaJI ^Li <^ iUIUj .1964 jkLc J_Lu5i jjj <J_oL=>- 

(A 1< » II JIjJI CjI n\ • n ^ XtLLj <<SaLaJI ^j-fl (^'l^J ^ nijUl ?li rt^^ll JJLaJI 

§^ aAfc>^' (jt^- ^ " l (j « oljjj^iJI jjiilll l \'><nj j .cjLijjjill 

^ ^ ^ Jl ^ 

j >*C a" II I 'i'X J i < y^-t ti J^"^ Sj^oi-aJI pi n i iii~> II ^a Luj^j p^^juJI (jjoij 

CjLa-jJj 4, sZ& n L^jLt < I ft "-I a ■ ^ «i in* j^jJI < i A QUSntS Cii-A^ 

3 

W ol oj ni-> II Ci i "-> j'i'i II jjj^jj .«! aoj i^^jXll a jill g-l ti inj (jic "jjLslLb 
j j Lf ic jjj < l"*s i_jl ml^lj ^tLilJI jl ni<tV jj mi" II lia i.-i jjl 



(j^l o (jlj i i iii" <Lojj ,,-.1 II J^x| jj i^jVI ->J ■ j*S ) A pi o 1 ma 

JLJ ^.jjjj Jj^J ^ < _yjJI jlaljjJI ^ -k (jl dLlj <<U^JlS Cjl oj i i i-^ I I ^jjLj^jJ 

Jj V jftj'tifl iA'-\~* II dJj Cia .la Ijlj .Ida. <bj3 4ius-uaJlj <jj nntil'ii n j >$£JI (jhUjill 

jjjj <ljj «< 1"*^ <->jl 1 1 II cAjjjjJ-ll (jA ■» i j n I j Ul H jl in^'tV iaJI Jj_a.j <jjo 

* * * * t - s 

■ '■'■^ ■ jj Ijlj .lj ja. JJ> f-^ mil IOA J^La <jj£j (j^ '- a ^->J •** in<U nil <JLaJI 

^ j inn Jjl ^ ■■■ ■ ;vl <j| jjJI Sj-u£ j*S i Ji Cil n i rn-s (j_J^ jl ni9 lAij 

-I ~ II pL-Ofi pLt (jlj lj-4 .1 (j jlf _>jl»JJ 4-ojMJI iiLkJI £ j-L (jSfl (jJLa. 

^ill Fermilab ^ >L^I j <CERN ^ Lo-AA=Ji _ 4^ jk"'*.' 

pi (j£. j _ J lc1 <LJI » L JiiAa II ^ ifC't <L3LL I i I m ! _ j£K_> m ^Jjj 

f-Ljjfi ^ylt JjJ-=^ fJ ub 'U-fit j^j-*-" i£j •>.' 1 1 1 J-L^j-^ (j-ij 

I'l'iKnLi (jj^J (jl J-olj .<Uaa1 L^jLoj JJ^I (jx J^.lj (j-S jiajJI SaLtl pi nj man I I 

.«b SjLoU (jJUJI I 'too I<i* jjoftl <^b J i 



.^jl j i II j-UI \" I I tM^>. ^j-A 1 uaJ 61jJ .t.JI S j-UI ^1 jj n 

e> if 0 

jj-o LlaLk U ^ <<4^lJI ^1 <iL^.I .(.'II' n" oli jl J^JI (j! iio.^U ^iJUJI 

* ■* 

.oLj jj K II JjLlj 4 U "ilj_> « i j-o I Q < > Jx.LilJI jj-o I j /«" <i •. ^ II 
j-a=».I jij !ii^jJI ((<j^UI ol*^ i7ill» is j_4 jj-o (5I d^Llol iJjIj^ J^J (j^-jj 
jjjll <i^Lc Vj .colour IjjJ cilia iSJI a n uu ^^k. jjj » i 2 Jl _jajLjjiJI 

CiljUjVI J$j -*LSjj jl .plj_uai». j! flj-aa. (jj^j o3 JJj^J ^jj^l 4\~> mJI ^li 

CjI j! - » " lj <(jjjJjj_i '1 II j ((jjJjjjjJI <_aJjJi (^jJLII cjLjjiLjJIj cjL^jljiJJ <Jjj «_aJI 

<jjjj <('i~> i7i ^ Sjjj (Jl (^jjj iM^^ljllI)) <LLo gjjj (^yjJI <jjji)l Cil la mil ^ya Jkj^Lk. 



c. (J ^K o 11 Jaj LjjLfi 'J^I (j-lj o^-° Cy (jtjJVl (j-Jjt n <4 \ 4 j n <S-»_>Joj 
^j-A jjJlJI 5^>-ajllj <t i in il-il "ii ^_>f^-H SjiU U(1) 4 Uj mill Sj-ajJI (j-a Vjjj .J^-lj 

fS^ajJI ^ _>liill I'lJt <^Lii Air.] jjlll .^ll a jiil SU(2) !iLljj jitl 

r JjAAj .SU(3) 5l o .g.aJI <jjJoLllJ) CjIjI ni II a^-a j 'IjJJ^ jitl jj-A ^^ILll 

dJj ^1 . a -^t .aAJj mi II SjiJl CjIj u~.LL (Ju-ij ^-iL-oyi lall j .a j-S 
(^C. <J jj-m-aJl _ Spin-1 _ 1 j»-ijJjJl olj < l"< H iaJjjJI oLuuiiJI - CjVjLjLjJI 

jj1 ,_Ll£ <jjL!i ^jj LLa j IcibjjKlt ^ - <jj-LJI oL^jlj^JI Sjill Jlj 

La Jj^. '"»■ "J j," inn _>1oIjj <Sj*aJI a ,1/4 ^-S ij^ ^jJI - <U-iaJcJI __>IaL\j fJjlaJ 



LlLLj lj| <j1 (^Ll^ (5_>ii ^a'l'i inn ^jJi (jisjiJI JjVl I 'ijlf 

jKj i2ilijj,i^Jlj oLi 1 _al±ill Jj^.jj jJtj fLa^AsI Laj <£j >J ' "U j j fl H n\ j ^^ Jl 

S^j» Ljj-ixijj j hi \*i 11 {jji&J (j1 (J-aJTt ftti ,j-ci jjj^ IjJk .CiLjlj t-> I I *t < >, \ ~* (j-a J^lj 
S^aill jjt jl j^pi q i iijJoLlj plj I nf i^-aj ^Li J_S_JjJI 1 *i ft i j 

tliiCj 1 jjj j & jil 11 a I" A. a Jj -> n A_A ^rvj «( a n i rij j's II ^^jill^a Sj-iJ oil! 

Cjl T ij-a j j) la ■ ^jjJI ^j) U in II JJjJLa ^j_ii 1,1 i<.t" jJ^I (Ji-i ^>^-* <(_jJJi.\ imp 

; JjjVlj j-^Vlj j-»a.VI ^ 3UJUI Sj^l oLiLi ^jit Sjj^-^JI AljjiloiJI jl>Jl jljJI (14) 



j hi J o ^-fl VI ^ nil jl CjI J &J ft ch^f-* 4 ^ I < J hi \ n II * \ ^-fl CjI ujJ hi ftj 

Jnj ^ Jl^fr luVI (JS-fl 

grand unified theory ^nfcull slL ^Jl <j^kiJI SjJL j^JI Li^kiJI Lf Lu^ 

^ ^1 Sj-ojJI 4jj-a (>> ^jiijlu. _>_ti. ^LJI yLi <( jSM ^p^j .(GUT) 

<Ua. jj (s ic * )jl a j II jrl m"j .<Li]2a_o oLaJjjil Sj£. JJ-uaJI I OA ^.-lij <ljlaljj 

<lklo ^ 6 jjj!ua_o CjLj j";IH j Cil$jl jSJI LU <^Lai .4 ftJjViJ l^jfJ jLla.VI 

/<! a I" X. » Ul a CxiL^ <l)\ J-JLJ CjLjljj -v II j SjJ ~> ^,^0 6 

^ if 

^Lojjl ^ ^jJ-llj <SU(5) Si o m nil <^jj£JI Ijjajii jLa. U mj (jl -(JM~> o iAVI) 

S^JLllj S^Lllj ,Sj-u-iJI S j_LJJ S^bJ) U(1)j SU(2)j SU(3) j-O-LI 

10 2? jjjj £_Lj (j^jjjjJI j-aX. JjJa ^1 (j^-Jf <tJJJ>iJI .^-Ix. <4 j ui i t-i l ii nj -fr£JI 
.il^u 10^ 

IjJ tjVj^Lo j ■<* 4 -j tal *■**■ Sj-oj L>* tf ' *^ '-'Ijl ll ^* ' " 'I (jl |^ll 1 fllj^-iVI IjJk j i in ij 

jj-S j ii^ jjX. i*I in <Lajj^ jj_aLjjjJI *i Ijlj . J i f I olj Ul 'i* <_uj|jj (jVI (_£j-aJi 

jjXa "II j a a 31 Jj U I (jj'sj in a <(pI n,U II <Lj i 4 i^'tj ^jJI JjLLLlI <iiLlj 

"^iJ-° lii-Aj < ( Ja > _4iaJI (^J-aJI (j-l-t ^JL*JI J I t"i m <i Sj i » t jLjI (j^jJjjjJJ 

.8 J I/-.4I1 ^ <Jjl*>">'i in 

jjj j <CjLjjj^JIj CiLj J~l 1 1 II (j-a CjLjj-i-aj^JI (j-o I *■" a » t ^ 
Cil <M iii^ II 1([ it p it" <CiLjjj^i! 4i tda I i /-i il <ilLlA j 4 all 'in (^ ^ * a "■ II ^1 

^_fl n 1 1 i"i j tlj iti ij CjLj^JJ^ i i«-i"l L»-o CjLj ^4J-a_jill iaj_p ^jJI ^^ailJ ** 11 u -j a II 
ij2 jJhUa-o 6 j-A .1 jj "iljl j LJJLJ II I CiLi J-j-oj-LlI CjLc- j a 7- " I II 

L« J^^jj (_j.fi J if 1j ^ ~i 1 A l <J _jlalajJI Cil 1 LoaJJ Sj^ij (j's n 1 6J j 

' * " 

1-1J -> J Lo LLj iti jjJj - J-Lc!j A •■>. .1A1I ^jlo 111 JJ»" n _ Jj -v n II j-j-LkljJI pi 1 A j II 
CiLa.ljJLsl <t-aj S Ljjjjj _)-^-l "La. jj 1 1 j <Lj J_i.l j <La. j_ij jXu 

IA (15) 

http://www.georgehart.com/virtual polyhedra/vp.html. 



supersymmetry group jSL&JI ^JiLllI olj S >*>ll a 1a Jla <jl UjLLo SjSj^a 

JjJ^JI (j^J (pi " ' ■■'■^ U i.)-k <j jLiH-o (Jj^ ■ ■ ■■■■■ j W *'" H jl ni^t'il J^a Sjjj^ 

I jlj Gjl *** o ol J iii i 4 1"^ II 4 n jJjlII Cil ~ • — >JLi i a] lG J)*S i ft ol a ■ a |J* a '■ 

oU^-a>sJI d>-A-j jJl < '» II J j j ^ supersymmetry JjUJI >tl_LiJI ~ ^ 

* * , » 

<C>La-l-ui2jlj ^^ajsjl (^jja Lsj^ jji. j 1 1 n" Jl (J l*>"l mnll ^ t tr\ \ j*>J*H» 9 <oLj jj^jjJIj 

.jlxLaL J i«~i~4 I JjjLflJI jJoLuJIj <J i«-i" i t jlaLuJI .ltA^.lj I") i iti <J^ j'V inj 



''jj"^ 1 11 uj '' n '^-'j d>fj-" <supersym metric prtners jjLaJ j-tLuJI 
ol >Ljlj <sneutrinos oU jjV>j m II j <squarks ol£ jl j>< ... II j ^electrons 
■ ii'^' <gluinos oLLjj K H j <Zinos ol j <Winas ol,>j-i>ll j <photinos 
£jLi IjJ .spin |>-jjj" II jj-a Sj i i in'i t (jjj'^j 1 II LfjLS!^_ii j^c I $ » j « ~> 

* * S =S 

4 K iti rtJIj • ° lQoJI (_^jLllU LajjJJ ( jj3 jiJ j <Ltj8 LojjJj «^l!La < ( jjj'>'\l ml 
(jjill (jV) 6J jJi.J-o jjX. L^jI La| jJk (jjjLxJI i_jlj^JI Sol nj m^ II t>j-A Jji. 
jjx. lj^.Lc iii n ^1 J.H " J (_j.ll lj^ <t Ij V\ L4JI jl <(jJaLilJI 3^^-* L>"^ 

<<Ll a*. J| n II '-' lj[ liiiiJ <dXJ ijljjaJI i—SjJLj Jux! V . I j I " *i[ 

£ji>j .j^lilll ^jLa (j^j <la^. ^JL»JI (jU jl i~f VI IcI^j (jj^j Lajji 



.LgJ iltc-lji J^Lk I () ") h -» V Lojj <l (pQ -^Ij-a I'ljlf ?n j o ^Tt ml bJU. <LaJ 
^it mil J jaj : ^LUIj 1 An II SjLaJI (^it SaLaJI (jnj^j IjLaJ : JJh 

(_^a JJJ^ jJ^ J (j-^ 1— ij "'I I La :qJI!L1Ij SoLjjJ-ojill jj-a O^LiLc O^Lj <ij^J 



jlaLu ^ <Jj___VI 6 j-4 <jj_*.'VI t j" < s'i J_A S^jjill n~> Jj^a-jJ 

' * x * 

<j] fjlc JjV J <-aJJ .6jLu_>-aJI SjLaJlj SjLaJI «Ljl ih"ih ^>jLLo 

i n ill ^ ftjj ft»"> iii_> quLjJI ^ hi o r^t-Laii .1 iA_>1 j».l ^ i n'i VI j ^£LnJI j^JI j a" j_i 
' e _ 

Jj^j I U >*i j-a elJj (j^^j aii :dJj ^ C\% ...II i-Sj-xj j II a_U V 

iJ-^J"^ ^ (j-aii <LxLuj ^ Mjli Jgftfl jjiij .(jj^JI < * nUI I a ' ax I nfl j j K . ti n 11 
jVijoVI (jia jn-> II Cjl!L»>a. j -v ""» j .(2 J niill) SL__JI pljLf j nfl nil 

J 4^1^. I L^I[j mirror image ^jlj-? Jl_-a* U^.u J_C (( j°LK.,t, 

ia>1 V .(<jjj»_o ^jjL*_J liij <-jJ ...j (j-fi) LukJ left-handed <-;jl ...j 
j jjG Li] l^j* * Ijjju Ul I.. ^,1 :42a * (jj^j jis (dJj l_sjj_i 

(j^j-CLa. J l (ill m l 

- ., . Z. 

J«J < t-i i"ij-o <-ljl iii ) II j i'i i o^fl ,_^<a j n -\ II <j_oj-A (jl ja-> jA» I II -<->jl ml 

pL-iVI (> VI 4"j-.jnVI o ^ II ^jL^j Laj <( JU11 ^ ^SJl -l ■■.-.yi 
^1 V .right-handed ^LioJI <jj1>JI U jj^a ^y> ^uil JjH^L ^u^-. 
jh'ill lliVj UiiLa. Hj_.ii (jj'sj ,ii <jl j£Cj_JI (j_4 (jSJ <<iu5__JI ■ ...11 _J 

^ ml nil fijf- 4 ^" (_T^1 ill 1 II oL n mi l (^ j I ml in II ij-A i_i m*> (jL-LoVLl Jjj*^ ' Jjl 

iL__,l <J (jji (oLjl II ,jj> IjjjS Jil Iii j) j A Jl (^_J m 'i njJI JjJI Jl »«"■ Ja-Aij ,jj (16) 

JULVI J-^^" L>*^^ LT^ tS^liLl J-^ L^l-)-^' l>° ^U-°^l (Je-° ur" IJ^" ^JJ^ 3 

. Jikll J___3 V u-JI iivlkll aJI Jl .ti .. . I yjit _,jil ji_ic ^Lj-oVI pVJa j J» ^1 ^ jl] 
«MI Jo j)i i^i II n"i 1 1 <J jL--o ,_,-) Ja--i jVI ^-aii-JI J-CjtjJI ( _ r Lt J^Luil jj JJj 

c-Llaci L».L_JI ^y. Lij aJI Jl m" m l ,jl ^ <jj&> (Sj£\ j .'Ljliill Jj>j Jl <ij__JI 

:jJ5j-JI j^lj .<jj^klll LlaaJI JiLi. ^b_lll jjla-J ^Loail I- mi 

http://wvwv3.ncbi.nlm.nih.gov/htbin.posVomirn/dispmim7149900. 



jLS lj| Lo u-S^xlI 4 K mi n II oj-A J-a. IjJJ^ LLU:I mm ULoJ <jlj . ( _ S _^>LJI ^ 
_ « | ft M i l l (_>*i4i (jjjill (j-o j^=J (jl^-o jj-S S J^a. j-o Afi [jjJI (CjLij i Ah II CjLj-ijjj-J 

tj^jVI (_j-l^ j^JI CjLij i A* II lilt L}j t mm" (jjJI - «< i*> >n til j1 4-ijLluoJI 

|JU. ^ Slop-sided •> mmVI ^ 1 >iiLo ^JUJI <ui*^ ^Ul L» 

iiil.ia.VI (jj> LftjjjLOjJ <LL3 jot Si j-aJI jjj jfl U"l ^jjl JjlA^.VI LoLoj j W *'" " 

jl it.Lfl Oi^JI ,^1 Li£ IjJ La <IjJI J^ill 1*1*1^ ft J V <<iil-Jl j^ij .Lfl mi'i 
<£Lo ftJI JiUaJl j-ft <illlUI 4JUJI ,^Ji3lll » .Sl^a <G jj-ua yll. 

L( JLJI t_j jUjUI ^jLli $ Ly±f* .conservation of parity 

^yxA A i n j-ut <JiLo-aJLs j»j £>-oj <5jjl^>-aJI Liljj-i-ca jj-o La ft" ft_i 1957 

.^yjl^-o i— j j -> *i ft <jl <SIjaII <jj,jj«o jJS (jjill 



Li »l aj » a j <f. "(-j^^ (Jl I J-*-*- 1 I '*»l^ ft in'u ^.tc a II n H (j^j^ (jl 

Lajac. I j ni aj 4_l9_uJsJI jjojl^lJI jjj^Ti J i'i ftj j Ul Ti n j»JLc .1 is* J 
fJUl lj[ Lo J^ill ly.< ftj V IU .^LoVI ^1 J ^Ij^JI ^1 liloj jJUl Ij^ 

J I Ml 1 <ljlj 0 (j-oJ>JI (_j-S lil 4j| <A.LoVI (jJI I l'lftj J > Ml ) <j1j <0 (j-»^>JI Ijj 

' a ' ma a> dia uol ^jLa <jJLual ^jul i < n 1^ <lj >iXaJ» _>^t <L^.j_ij i aJaJI jjJI I i *i ft j 
I (J ■ a a >-U -~ ■ jjJaJI a . <Ul_Lo_xJI JjLxj ^ CjI ftj mi (j-jj'sTt 1 

jliS V >LnJI lofJ (jiilll ^Jk^JI .5lL^V1 oloj ...->» L^5%! ^1 nJ „. ? II 
fLc ^1 c-jjI>"1I (> (^jj ^ <tie-reversal invariance o "■^ t '- 

jj-ojjl ftl a "I jjLi / 18 ^C>I "_■ ^ <~i Q-> ^j-o ifoL-A Sjjii 1^ <Jjl j ^j-S <iS\ 1964 
<6jl ir-inll SjLoJIj 6jLoJI ^jjj jJaLuMJL LLuj LLLujI iajjjjj a.1 iii'lVI j>-^J -f-^ 

AjI^JI j^Iu jfcjtll^ j <^^JI ^jjIj u-« ^ jVt cjlk-> HI J^Li. Liu ^iJl 

.8 J^iJI 



(j^j^a. Jjj> ijjio ^jSjS ^^Ji SL^JI iTulS Ijli .^1 iriill j« mil (^^kl iijla-s Li-4 Aa. jj (17) 

.kaons olijjKJI <k <Jj1».JI oil jj^l (cK£) JN-mi.^I (18) 



j*J-C .^Lci^Jlj jK ft II ^ j\ 7» m'i ft ^J-C. ^JLjlJI jl iLjLaJiJI (jJJJ Ij-J 

iajj^o <jK*JI iii'iVI ^j£. <jV «^jI J> inf ^kLuV 'j-* ~> '"''^ 

I U ft') lu j! iijJLo j_c Lll Jj V «<LjIjJI 6JJ& |t 0 <l j .^jLajJI ^ ^1 mV^I j^JJLj 

Jaj c,i_»-> charge conjugation iia^ill 

(j ■ » J 'I ■ " <_i_a i LaJLc £_a j " *■ jJa . jl i A o II d - ■ m_a j> * ^- j a o 

<"«*i l^ Lj-Lbal u-HJ !([*'■' j ■ ' II ij >*>" iii il SjI i«-i n II Cil ft i i ii -> 11^ Cil ft i « ii -v, II 

IjJ jl^l jlxi^l! Lijj .^Vi V iioa-iAJI S^iJli .dJj£ t^iJ JUJI <uk 

I a I" « L£ jl ui cLLluj jl ii V 5 jLJI J-> n SjI .Anil S jLJI <ui J^Jj LJLc jLa 

j_o SjI '-^ - SjLo < °l~"' a i— ij.»"i I 4_tojiJI <_i}LvkVI Ij-i I *<~> *i njj) . jiJLuJI jc 

.(LjJI <ijUI J^5 ^JUJI 

(jj&z (jjUl <ji 'jJW^iJI ^ jL±4j^l Ii* l£ j£lj jj-fi Li^l Ijb 

lJ-sJ j jl SjI ft CjI ftj in-^ jjJI CjI n_i in-^ II i * j I 'i ft? Ijl U " i Lo jjij) 

I \ in^f.j <(P tiLlj ^lu) Slj-o ^ jJLxJI Li j i(C i_ijoJL lift (jJI J-o^j-uj) 
L^^Ijal <j>laj (_jJI Ijl Ti ml Ij-* j -(T vJ|j^>JI-j ill t^j C^j-J') u^y^ ^LaJil 

^ ? ,„\ ft ^i. JLJLa 111 .invariant CTP ^leL.V ^JLJI J .Pauli 
.vj^jaII JjiaJI IJu jLLI ^ Li Ijl oeJ^' J-°^ <4jj _>aJI ol jf*lJI 



I4J Llxij ^yjJI CjI nj .ii-^, II <lll ft->V1 <AJjJaJI jJk 4-^ II » ft II dl Jjla Jlj-^u >^ L)l 
s\ n i^y CjI ft t 111 II f-Ljj-J-i Jj-J-J SjLl^. J j (j ^ <LaJ» A i II -v j m-aJI ^^Jl 

j nil J o ^jjj^aJi jLiLkL ^LUI IjJ Jj's ftj V Jj^J <kl)lj^JI lillaJ jS (^^Jri'i jj 111 ft 
a ' uj °" JxjJJ? . o* ,1 l^jt^ (j-ij-ll (jj-i-jLjj-JI LS-il in alj^^j La jjJI LiJX. Ijlj .<J 

H (j i A l^j-fll jjLi < < J I ft » II HSJi (jJ 6 jJukJLj j] j's nj (5JJI (£j-«-ll (jj ft -> " j (SjLoJI 

j»_$J J!Laj cul^ j . K VJLi «t 0 iji mi jiLusJI iiJU frL^iil jj» L ■ ■■■ jl^ ^ * - ■ a II 

LijJ»lU <aljJI LqjJjJI ol^jljillj Cibjliill jSLiii Q fCiljj JalLJI ijjk 

|\J iiiV>II ^jM ([ \ II 4-sj"t'ill j! (_^ajlajJ .dJj£ Cj 1 in I Lpl (_j<a_>lajJ j£J .IsLVj LfjL) 




JIJIaV -15-6 Jiidl 

1 ftfl in la a'i j£ JjUjj < jjjJ 4Ua\l > 



(jj* jl^jVI ,ULa.jJa ^1 <Jj_uiVI jaa^ ^1 ^1 .theory 

as 

10 ja-j) dU^L Jjla lIujJ S^>j|jJI jiai i ft-uali .'Ida. jji n-i _>J jjl J«j^HI 

jLi .lla. ioK jUi ( _ y liLj <1jI .nil iitLiJI ^ lla. LaK .(7 J*<fcill < jio 



ijl ^ -s -> i ^ t .oil alj_> 



<<L1a I 1 U* fl LjJa 10 6jJ-3 (jjj L>-° p |> ' "I *» W JJ^JjJI JjL»_l 6_>JJJ (jj .4 1 I fi->Vl 

a ~ " ' e ~ 9 ~ ~ ~ 

(jLjjVI laJLfl J^a.1 j < *- 4 -' ^ •! ' i"l '"1 I " I i.'') lM-^" 1 iy> ' 1 1"> *» fl 



SjLJ ik^l^ i LJ -ii; hl-^nll 9U_.,, I? 1I J ^1 V U .(15-6 JiAJI) 



- f t t ' * 

ill Lf lr. «> ° I* a ^ 4 ifl > ... jj> CiLajLj >_fijjU LajJiC Jjtij I a I* a < jl^liVI (j-ijj) _)jl JJ 

<uii1 jj 4 ajJ Jj? llui I jl Lf l^. j .iiLkJI l_>ji^ j^.Lj I'^o i :jl*>_>< It 

JJoTi L^-iLi ^overtone 

(20) ^« 



ol <■ .u .A'i' LjJV 'LuaJi superstring theory iiiLiJI jVl <^jJ^> jVI <j>Lj ^ ^ (19) 

^ L-jj ^ ill Jiliil jJiLkUl 
.4^ ^jjj 1 0 19 ^1 ,L_>a1 (8 J^iJI) ciL.iL JjLo ^» j (20) 



zero-point ikiiJI <jj i ,^ II oljl>L*VI Si a ... a II ^ Lia oljljl^VI .j_>» 
(jl oscillator jlj^ <lJI ^ < t V«><^-ll <'ImK> Jl L5ijj .j3.>11 vibrations 

*s * ? 

<GiUa jjJk (^ioila <L\ij2a <LsLL JjaVI (j-Lc ■»!!" aj Lcub <jl jl <LoLaj I'l^l in (j>£j 

,p Cifcl Ui"l ml i{J \ jVI LflJsMLjl 4_L=».j-a jUjVI <Jj-t-j Cijl^ LaJ-jx. 

(j-S jLjjVI <JjJii jl uoj ^Llll cJIjjVI 1 0 I <CiLijj^jJJ ^Luaj 

11a embarrasse de dimensions Jjx.VI dCjl .Li*.? (jju-it j <U (jl£-aj 
j jjSJI ^1 djjU'.ll ^ oLi jj-e jUI dJj£ j .^LiJI ^Lull LaJ-i*. L^j^ Jlj 
p, 7. ■" (jl <j£-aj jVI (jl < al m"i<l (jr. oji-Lul (3^LaJl _^iLilJI LaLAiil 

AS j .(jLoji) '~*ljj (jl's oil JJL-ij ((jl^aji) lni < jLjliI 5j Mir &j£-> j) n jjj 

<LsJl^_aJ| -jU'.!! jl LJLa. jjjaj < jLjliVI i'II'i ^jh'ul ^IjJa 6Ac ,-.X.j"al 

.11 JjjJi (jl jLlj^J £ ft fn Ijl <Sa_a.lj iijLi ^ Laj j jZ ,j< n \ 

a j~ j n II jLjjVLi U a < ^ '1 ■» "1 jLjj^l <JjJaj (jl (j^j" i 'tj (JJjlJI I j-A J aaJ '1 111 
jar 1 <ljA_> j-iiiX. da.1 _ jLj jV I <jjiajJ <LjJL=JI Ai\ .nil . jLajl Sj-ix. 

u n ni _ jj_JI iijLS membranes <j nifl j» ^1 jj_JI Sai^jJI jl^jSU 
(jj> :M j^JI <y*i\ <^jJI La I j f.i j (^uUJI jl j^j <M M-theory iLj U II 
Lukjl (jj^j li (S^-l <« membrane » ^ JjVI i^j^JI (jl J n"-> oil 
.oL^iiiJI j-j-aa. ^1 _ «mother of all theories» ^ IjVa 

S jL«jVI aIa a^. jj (jjl : ja (jAjJI (jJI jiij ^jJI <^jij>iJI JIJ-lJI 

(jl^aU <i^i) jbujVI ^Lj fJU ^ ^ LuL> (jLa^VI ^ ll^i (j^i 

* j ^ 

^jlc l() irtt i ^^jia-o Up! ^(-a^pii S^ji.VI <ti mil jLsljVI (jjl IjJ <((jLajU OiJjj 
j^JjVI JJ^klll iia. I jl :^JL«JI (jj^5 La,.\ 'i r- jl m"WI ^ q jJ Lfil j .^Ajij 

<3U mil JjljUJ JU^JI Jt_uiil jj (8 J-uoiJI ^ 45_>l^i La$) <JLt <C j-uu jJLsJJ 
,^1 (j-ojf t^ill Jl n»l uiVI J-^il^JI <Uj mm II j .Ida. j^lla CiSj ^ VI j^Uj"i ni^J 



^i_j^aj1^ ^jiaj^. jJb ((juliil 4-aLc JjuS ^ys jLtWI jl miTiI 8 n i >1 1 t~ ml J \Q m'i 

.4lo IjjjS i_jIjj37I Jat 

SjjIj (j-i jj< «" II !'-'■< -j < j_».l j cormpactitied J^l ^JLo j'j ./-.") I 
L5 _Lc c-iiyLl <g-l lAill la_A ^ LojL-aj <^Yt .(16.6 II) g-l lASH'm 

jLjLl\ (^lc (^J-tiJ jjUltin ^ j^fl"* j <<-«jl n»Ti nil JaUlll ^ j j< ftj II 

<■»,' Jr 3 '^' cr*j ._>i.VI ^ Laj^I >JlUJI ^1 jSjjj 

m J-aJLxj L^_jl_) < ~y cJt n II jUljVI ^-S flj II .^.jlajja. Jj^a. i_ij-LLo 

0 - > , * * * 

Calabi-Yay _ ^-jVLS oULAi Jl£_iVI a 1a ^.a ...j <iLl± J£ L^U. 
S-t jL d±;-d\j <iij <E.Calabi ^Vl^ jj-'j •> 9W- U = , L J J (^--Jlt ^1 «j_luJ 
( v ) _jjj| t iAiL»j-L1 LojIj J .A 4 ILj ' _' ' " (j_^f-^Lf jj i II .LaLiujj ^jJJI <Yau 

^j-S Lj-AUs d a lSc j ' ■" ■ ~» ti^C ^yjJI aaJtl 4 ajl Jy» lj-"^ Ij-^jJ (jtiftj fill ^j^IjluLi 
IjjL^ j> (j jj SbLttJLiLa j if «t ftjj U < V Cufl j ^-4 I j j im"*^Ij tSjj y n\\ CjLjj) *t i's II 

jIV) j .s.|_>3^-iJI f'-Lc' CjIjj; ti" II ^-o J-oLslLI ijsjMJI CiljjVI (^jJJLi 

(1 0 il ,i.-<l jl U-'.l . gjj^jjs cijl^ cilj .ALjJl (jLi ^10 J .^i ill >kil) ^jjLliUl 
jji-o V Jj <J ^i>. jJI (j-Ij-S Lo-t (jlA^-j-i jL>j j^jVL^ (jLS Loj^s a2> 
— (Ji-a ml ^1 .c»UI i A a II m_a 17-6 J^C mi II £_>^>j_ij .jLSjIjVI 

j if j I ([ i a" I" jLijVI ^jV ^jLjjVI 4-1 j U I alj^i I jtjUlj^ jj-A — jLxj] 4 » i i.i 

JL^j La. 4Ji1 jJjj L> .16-6 JiiJI 

I / -UiSij U±t ^^1 ^ II <(J 4A< m^i J^ij Lojl in* 



y_i L± <> Va^j -jL; - y^VLS *L-ii .1 7-6 JiJJI 

^_fl Jj^i J n II tjlj Jj-a < Uj 111 > ^j-Lj-a.) i.jj-Ljl j-A ya ft I I 

8 - - j 

((j-i Jajk ^j-Lc J US'. (jJ^J (jl (j*! n nil ^ <16~6 J*? itill 

lia <i« j_i j{ k"i <jLjljVI j.Hio £LAi «<a_i4-> II ^ 
LjjL (jjSI jL*J ^ <j£J) iiiJI oi* Jlo jii <J£_ill 



J^J ^J_cJI U 

JJJU JslUj-i j-Aj <jLi _ (_jjVl^ iLi-o j»_lL>ljji. jA iSj-aJI 6J-A jlalUll <j£J .jlatjjJI 

"» * ji 

0 bjVI I oj« threaded ^pJI ^^iUI j <oU .A ill 61a y^Si jL*J 

4 a jj U . jL— ^jVL^ pI . A < jjj J-C- I^Lj *U^' £.J->' J-* j-iaLij-ll 

(_jjLojj JjJaJI p-LiAiJI £ja.jJ>JI JjlJI CjIj i_j^3SJI JJ£. <jl (j _'/'J m< o 

jjaj o^IjIaJI jjx. jj -> *jj .(^J-^aVI pl iot.ll (j-i ^J^iJI jj«jJI oIj ._j>illl JJX. 
uJij - 6 La j^j3j jSHI jjjlj p threading dLJ null Llo^i 

I SjSj LkLjjl JoJJ_>-a pi n_> tuaJI Cj^LjLc. JJf. J ^1 _ liLlj (J-o Q mjl LlA 

<U-o-ALj ^h^t 1 ^jl^ La-iJ <J^Ui JJjJI (jlj ijjLa^JI L^j E -6 ^ IJ^ ^Lj^JoJL 

jl^VI l^-.J Lli <^l^ jl^t G^i ^ IjU : ^15JI ^1 JIJ^JI 

. JI>iuJI I jjfc t>i ylj^. ^-1 ^liL jLl jVI ^ o ...1 <:L^LA-sJ iiMUl 

J \ jv^J jl£. J£.l Cu^ ^jAjLj j^jLou CjSj OjJ^ jjij . ^ U II jjUoj ^j-^" 

LaOlt Ij-A Cjj^J <J^xLll ^^-8 6j » n JjJ«-i Jjl I » II ^J-C ^> j n "_i m <j| Jl n~\~*\ 



<Ja_ LU |^j V <Cil m i t l *t rt j l 4 U mlj-J (JiaJi :i_t-»j II <Ua_Lulj_| J) * ^ " 

jlji II* ,2^J <IaaJI L$-ii jj"->J 6^ dliA Jjj jjjj .S^^jSiLaII Sj ^ II 

. J 1 J Ml Q^^^J 

^ 1 — — 

Ij-A ^yi (j-a^J ( _j-UI j-kl ')" II „U~» aj ^» M <jjJilll I'll ^ mmj 

£_aljj J j^. j V ■ jli-s II jl nm.ll I JlA Jjia Lf lc j \ nil) ( _ r lt _ J .^-all 

J-a.jJ LaJ (j^J <CjI n ) in •V jl CjXjLc JJx. (_jj-a <«t « nil j ^ i iAlj-o i_i i mi iijj_oJ 

<jjk'ill ^ *'y*^ S jLil dll$_s <jL _ ^Vl^ oULAi <><> eiVVl ol j .T.r 

CjIjI l*i ~> VI <La.^J La J . <t j ijf Cilj I (j 4*t ,j-o jj^t j> J I mi 11 t>\ -\ "VI £-i 
M AjjiajJI t iTi'i < JLIaJI Jj i in ^jic j .jj n 1 ft^L) Ij-a. 6 j mi! I « jo£ iLjjJaJ 

<Jlilll I jJ .graviton ojliil >xJI j^j <2 <ujjjl» a \~<. II ajo>? J ^ 

<jljIj I (] "'I jl i<-a -~ ■ ^ oj^-i L^k. (jjijILj M ijjJilJI pjji" I j»^Jjjo-_i 

^ 4<"> V (jLaj)fl S^i (jl <<uili» Lo jl^Ij j <ULI ..■ oJi 0 iVsl < JLo^JI 



7 Juaill 




<<_ya^£LC LajjJ £ j-aj jrlj-oVI Cul^ <j mf ^ mil II <j>3-ll <j1 <t lr»-%^Lo 

iaja. (j < n ^> (j^o j .ji i /ill <jJLi <jijLiJ ^1 iii^! L^jLj ii J|jJ>-o Cil a-J ma II CijL^ j 

i 

<Cjn-\ n\ * J •UJ^II liiliJ <_tl<tn Jjl-> i i_jLc (Ji>^ I<1a £jLs <|»jl mil j- J fl II 

.classical <l\j1i'll 

Ji-a <<jj_xlisjl c-Lj^j-iJI jj ml miVI p j aLLaJI (_jAjlj pLxJ|-j u"Jj 1 ' ^ ■ » 
< n\ I ^-^IjJI !*»»() a J>a. 'I lAj! Jj ^trajectory jLUJIj <<^.j-JIj ■■■■^ H 

J| jj ^ || 

6 j i ti l i o 6 j« U JjjjJI j cA>f-j "^Lj j^i - ^LjJljJ-SjJI pLj^j-LII J-^_a J^. aJ5 j 
iaAj (Jj .quantum mechanics (^Ldj£JI) ^>>«^JI _ (3 J .~&«) 



jd j .<Lfl-uj}LiJI (joj i_j-C jJI Ij-A Jj-o <LjLa <jjiaj Cj J ■ "■"> (j1 ia5 <iLlj JjS 
iJj-o (jj_AjL-ij->.aJI ^jj 4_i_S^&j j_g_i SjLoJI <_ijJij ■"■ 'k a (jl ia-S liljj J-xi 

^-4 ^Kinftll .4jJL*Jl <5JI fcjjfc JIclJJ <o1jLi*La.VI t>> jJaill jl£JI lift JleJ UjLlu 
JsIjjLjVI (j-o ^X._>JLj <<ijSuLa SjL^-aj «L»jJai!l ajjk Jl fin J ml U'lKnl (j«a ^»-C._>JLj 4j1 
£-0 j .<K lift <U1jlj La LoLaj <pl JuILmJI <j_Lu <la '' 

<JjJkiJ 111 1 1 1 h 1 mi (jxj^J I jjfc jl JfijjiaJ (*_a J^JI -*lj*»Kj ■> H .-.I 5. .L" ^Ic, 

< I 1 A it SLtaJI i_il 1 ml ^jjjLjJ >..>»»■ » (j| ^'s n 1 La JLajia.1 j^S . 1 0 ft(j 8 > V 

&J4J 1*1 i JL»- ^ <l 1 * j /XII < -> I n 1 V I <Lfcl '1 1 <~i j-i jiaH «* a '*•* Cjj-aJI i—il J ml j-ijjtl 

.<j_>klJI 



<jjUI >"Jjl ^ |j-o Jjl -Ji^fi. <j jjli">l l pLjjjxiJI ^ajj-uj (jl£ <£,iJI ^ujjjiJI (jl 
& j) 1 A II (jl "LSjJLx < _ tf Jl 4-a.l a * (j-a-i <£itLa. La a j a I j .(ja.Lui j> m-j . 6 j j i «~»j jJI 

^jJI .electromagnetic radiation ^ -jt~i L» « J( )<li ^1 % £i\ JK .t,1 (j-a J< .,ti 

a j iAll j uul*u <l I 1 -i ^l-i* *i ■** a j 4jjLij4^ J^aia. ^Ij-ol (j-o t_flJj-a <j1 ^jjLj 

^ iiL^JI jjd (^L»-i.iU ^ j-<JI JjiJI jl) ^L«_i.)fl ia.^ J^L jjl 

ajj-ajl Jj_a i 9*if I 5^ itif (j_a 5 <Pj| II jLa. 'C5J^ "' ' J <^a.j) ft 1 1 (j-ujjj 

6jj uaj (j^n nil (jrf (jil u'llA's <il :ljA. _jjj«_uia JjiaJI Ij-A (jl (j^~> i ti Jjijj 

j^JI pljja.VI Aa.1 |> mi <^^a. < S-H ^1 |> nit I j"i ftj I ft (jt _jii _ Luj^J 

j| ^L«_iiiiU ialla_a <j^a- Vlj-Ut JjLi*> aj 'All <-iiLa_JI (jljJVI (j[ .(jjj i^'i 



687 jl .ipllll 186,000 i.1 (jjUu. .i^llll y_i jl* 2.998X10 8 ^ c i^i (1) 



■ pj i A II ^1 jJl ^in g_>j_o (jA i t^l frj) i A II -(1~7 J*s m ll^ I it m *t jti in 

SjLiJ p j j j i ~t j Loj *t « a :LoI_a ^jLIj j-JI JjUII ^ < Lj a U II ol j_ti»" II j 
(> u A,iV»j ,>?.j-<JI J^JI <j-uki.Vl (_,-!! >i^=.VI ^l j^VI jxhJI 
■ ■ "• j j « j " « j I " II jj-o 5 j hi c (j-o 5.3 ^jJI <5.8 ^^J 7.0 

<La> j-JI ^j^oJI £La_iiVI <jjj lj-* .ji Kill ii-lLJI (JjjiJI alfJ Lli j CjIjLj-^I 
JjSLI ... .LI'.i - ^£ ^La_il <L*a-iT ia. j-aJI <ljj$^S\ ^,1 jiVI ^ J"<n"t nmll 



. J^laJI IjJb jj) i r\\ ( | (j mil I jJ ""-lj" * '"'*■ ■■■ S SC. 4a^. J^ia 

Jl jLl <<jJU obj jj 

i_j_kJI .1 -7 JJLAJI 

tfjj j, ,MlU',i .J-I-SJI 

(O' 000 000 000 003 m) -I I J LI \ . I I . \ -. 

J * 

JtjJ,VI a[j .i^j-UI Jlj_UVI 

.Idl,-.-..,,-, ^Jl Uilj^JI jjl^JSU 
jj' '*' y-i (j-*-*-" <j-° u jj I.' I I 

jij_tVi cA •« sr s J-^-ii >j .o ii. 

j ' hpJI J_lU'. ill ft 11 ^J) Sjjljj! 

C5>« lt* ojJJI C5JL->II tr-^W 1 

CjIjjIIL. jJJ-JI JJjiil Sj-iuull 

.8 jjjJU .(Hz ;>3 >*) J^liJI ^ 

1 0 8 6 jJJ JJjJ ^j-Lt J Jj <}ll_0 

jjkJ jLLuJI i jj'urt't ij\ .(ijillJI 




3 pm 



3 nm 

(0.000 000 003 m) 



300 nm 

(0.000 000 3 m) 



0.03 mm 

(0.000 03 m) 



3 mm 

(0.003 m) 



30 cm 

(0.3 m) 

3m 



3 km 

(3000 m) 



SjjjS 51».jj> Jl^l=l 



IjLi :frequency jj^UI ,^ „ <ul*j La iija-* ^1 LAjI ^ 1 ^ ; t ^ a j 



j * if 

g. tj *■"■ a tj^jj-aJI -j --^ II Lat .<_uUi til jjl a " ■ Ij^JI o-° I J IjJlc tJLc. 

6x x jj» 6jj_>i <jU laJ <L±il5J ^ 5 jjj (6 x 10 14 ) (^iL^ 600 ZJji 
jjp ^^Vl *j ,A I lj .(Hz jj;^ 6 x 10 14 ) i^JiLUI y_a cycle ijjj 10 14 
^jjVI c-jp A L)j f 4j'tl*>!l jj-i 5jjj cjjj 1 >^> 440 >L*j ^gjl m_> <lj j m't ^ A i-. 
Jj^-jj .4 v\l* II Sjjj t j l j 1 1 640 igjl ' " ■* <l '.' j-i_>j-1I fcj 11 ' "| 

I V JiLAll ^j-s 5 jjl jjl 4jtj ii II jljx.VI .iilLi-jJI cibj_>3il * 

«■** 0 1 4_LLxla II jjjlXtJI <i jm _ . j I jj <4-oLc f J^. I ^ 1 ijj-L Laji 

■ ^ u>,iU\i n j(j<tl ■ gJ-LU <\\\\ nil .jU'iftll j <jLl£.VI 

~ * e * 

ISJ^J (j-*ii£- ^ ...iI'lII 4 |_)_>iJI j^-ljl ^pi <iUj J <Jj-luVI ^ 'ii ^ I I «^L)Ljli|» i j i A I I 

^UVI ^L^ill Jka.V <1896 jkLt ^ilij (jj'fl ...II 0^'-* 6*- j .'>'^ l 

^■^u _ jj^VI f ..■>« ^U^l iili^ W. Wien (1928-1864) ^Ij 

v_»5jjj j^a-J^ Jj^ ^ " J ^ f L)^J ^ Jf^ UJ^> - £-*J^' H 

i_ s jjlj LliV i<Lui jjJI I "1 1 - ^ ll>aJ <La jJLa <lLuJI .S_>lj^JI 

<La.jJ 1 »■*'"' » >1 — ■ ' — ■ H 1 1 ii hi" J if Vj1 j n -vl lX^* 1 i* 1 '"7* s^- 1 

-i ** #i ^ # 

a n U«l l L^l (j^i 1U <5jl^»JI la-ja j^a dij 3 <(j±£ ^.>« i-L^) 
^^iJI ^ ,1879 r U .j_^Jff <l+j^ J1>t ^1 5JLi£JI 
tr* j <ijJL* < ft-i.'j J. Stefan (1893-1835) if* m ^saj^a. ^jl mn'ill 

Li jj jLijjl £_a ^al_L<aJ) & j.iAU O II a-a.yi 4-fiLl£JI ^ 6.\j^ iii II SjL^JI 



s * 
jL___)fL ^ ,1 900 f[± ^jAJjLu^ 24 ^jll^ l> <'-» j t * Jl 

(jjjlj_i__i j i" a i r (j-a I'-^-lj 4 i liUjj <Jj_-jVI j\ in^> II 1 it J i_i i iii 

<5>_.VI *b j-uJI i-vJLlI) ...M<ll e-L^I Jil ,^8 ^ j_»L_> j.i 

j jjj l~ tftJ f. c _>--- J-3 j .(>pVI <^ >aJI -il .t."><! jLLkVI 
^jJI iSjjUl j ( ^JLsJI ^ Ljjl£-s1 ^1 mi"<I LajjoIaj <^jLc. ii_us.Lt 

M. Planck (1947- ^L. £_J ^ 

«1 900 ^Lc JjVI ^j-AS/^j^t 19 .<1<>j-<--JI JLj^iiUI j-u-i 1858) 

<jJllll jWJ tl ujVI ^ j^jl flu m j (jf'j J mi" Lfljl CiJj «UjU_© ^- jJ-Sl 

d . « a II ,-> . a fj Sj iol n (jrAj • < L-JjLa_oJ (_£j-tvj _^I_uj1 j__S_j_u1 

^Jl j^U-JI _jSfl iii .1900 f U j,o ...jj/JjVI u>-L^ 14 ^ i^LJVI 
<5\ ( _ r lt ^l____,yi jjj--=_-j Vjl j-Ls jJLi .L$J }L=_ cdj^L ^__5 <<l_j-___l j-tjUi'ill 
J_C L__Lc < t >-_L_JI j> in a II <___> C)Ljj>3__Jyij cjIj_JI jlj>_s_»Lj £>aa-a 

<<jjjVi s jU'iii c_»i-i I.K.A .^i____yi ^ *. j___ii J-»i_w <j>J j j u^Lfc; jiji*iLi 

<LiLta _j1 6 jj i f\ » n l_i__j| (j-ajjil _USj .e- ^ mi ,1 1 ^j-dLi (| t j n~« 6 Jj 1J1 n Jjui jjjj 

< j_L«j LJlo LoLg < jl ^.nlniL jjJu- oscillators (oljl^l) oLjjjlJI .1a (j* J£ 
.(Ij-ui^iil L___) amplitude <____< ^ ^1 -^.jLlo (Jjaj_>) ^l^-J 

V c_>jjj_Lo J_C <LalL j-^lll JuLi .Lj^Jo j^. j j I" -s n ij_a. i^l urn] _1»}L 

jla_o)U ^j-JI J^>kJI y-i iiikJI Sjl>-JI VJ --i J--»L_ jl (jjlj jjiU Jal. (2) 
- jLixU. (j>lLi L__j1 cjill «/. ... (j>il_ Jalij !(A max T = constant) cull (JiiVI 

<lik-J Sjlj-aJI <a. jjJ j-ll S^ill J-a Ijjla ml Vi* ijjl___.ll <jI_JI S J-iJI jl __L_ «_|L»JIJ 

o-K 300 ;> diL-.VI Sjl^a. <a.jj l__ijj LlL^ Ll LiL_i1 IjLi .(T 4 xculi = Sj-U) 
j_» .10,000 6 j_i J->Uj Jjj_ 5 j_L__JI Sj-iJI <jLi <( ji__; 3000 (U ^AJI Sjl^-, ia. jj) 

ol , _» ___JI 



Jj^U iLol V (J-lu aLo! LIjI ^1 ^discrete £»_kLLa cA jlaJ* « VI ^a-i 
jjVl (3 n.no oja^. JjLS. cijLj h -> <jj _>iJl ^ h ^ J .^l -> 1 integral 

* i ftp (3) 

<0 i_jjjjj-o L^j n i ii nJI CiLaliai! j\ 1 full (j) £-_>ial <j| (g\ i cij^Li ojIj 
.jjjlll ^ h ejj-ucJI J i ^1 -> ,i «LHttjuJI <^jo<ll ,A ...2 .1 

Jlioiit jifcn ftl talkll ^ CjLi.jjJI jj^J t ji ij-JI (j^i ^ h < njt ^[ 

Sjji ■«*> t- j lAll d ■ * •■■* (^jJI ^LsLjiVI 4 i<-»il ••> ^ miUI'i* q^>4^JI ^LxjiVI 

j^^ai IjJ .SaSa a J^. (JjI I fl 4 n luLj I (j j m< Ifljt (j£<u V <La.>S ^1 Ida. 

(j^-oj CjLSLDI jj! jjflslJI ^1 I ji_> 111 (jjjjLjjAiJI ^1 uJjS. j>^-s J$_uJI 

jJk <2UJ ^ JTjjUl jfilJI (jl Jjj S <4> Jaii Stepwise i^jla <3j>JaJ U jjjJLj 
(jlj <Jj_uiVI |t 111 ^ II ^1 i Mil (_^ol^k j I ■■■ °" (j-o I *' ^^-i-ll i ~> J-ll <JL»^JoJI 

.a^ iiila. ^,VI - quantization L^.^ ^1 _ <3lkU jrjjlJI ^^AlJI 

jj^J i^^LJI ^j»o mi i _ ajfif (j-° ^ < La-i-S ^ ^ mi 1 JJa jjij .(jj^jjj i gl iti'i^lj 

d .< . ,,.M<H p.Lj,'<ll 3^-" p ' A< ^"' ^ j ' miQ"iI _ <t nq ft gjLlj (^j-ic J i^aj (jl QjJ 

(jl La^J jl n I « II ^ (j \ ft ILi j 1 1 " > I o i a 1 'i A I a () '> fi 6jLiVI I j 't^ ft J ^J-ujjJ <Laj j 

? , „ * mV i 

CiVI ■> n I liila^j .l([jlf jft'i ■ ii ft It o II 5-ajLLa aji o M "i^'i 

(jl (Jj^ I * ' ■ ^ ^" J <j " jl^fil jl Q*>f,l j_£^=>_l 1^,1 l^t <<JJ LOjJ I dl*^ jl ~> ft I I (_5^i.t 

_ j ,/->! i j t J_ualjJ-a j^j () I p U II ^^-S <X.j*i-> ft Sj^i jjLi fliLlj ^-s'l m"> 

j[ (Cttj^l OjIUI LjJ-Lm f-lj »(jnjjli«ll J^f J mH nil i-jjUl I m iili!iL (3) 

Jk. \jM j .quantum of action J*iJI ^ <<j jLuj Luij -oij^ "'ill 

Ij^J <*m, i H j « ,511 .j^uVI (i ma II J_L«-i! oLiilj-o 6-VJ ^j^jIj-* 6-^ 4-o»X» jL^t-J ^"i jj '»* 

.Jja. 6.626X 10" ^ liutiil 
J35j <^vl j <djL (JjoIj) u"lji ^ cU.j^ili .4i\i-. II J^jii 1/ diti ^j^- 6^ ^1 (4) 
< j"l 5j a ^1 (JLo /.-.lj" ftj^j ... 5 ajl jjjfcl < % ..lj <^l_>i- 1 00 <i^Ja jj^jj jJI ( _^_>Lll 

<L_)J Stjj jJoJ ( jj> j i lal I j-4 j <JjjLiJI i~fC j"i njl'i m 10 _i i j I" ^ J V iJjjJa jjj i in ,_». 



(ft,,',! . : . 



. . ... 



* * * * * 

{J\ j_4 .1 -> ml j L=>.3j_a-i J » ni"t Col-^ Ijl - *iLs_S j i ^ 1 jj 

<^Jl^jj|jJ| » I » II . ^jj mi nil J .Ail I j) mil (I lA >1 el in'i II (j^j) J^?0-M (j* 0 (j-"*^ 
aJ-uW II ^jLalll (jLi ^Ji (j-oj <|> j jlr Sjj.ia. pL_«£i1 ^ j ftU" (j-o ^ iA»*in o Lva-j 

.<i,LJI JL=wVI J^j jju VI JlB V 

<5UoJI < — II 5jjJ-<SJI j <jjjiJI iili^j Sj^i oLi <j-a! £y> (2j£j Lafxj 
<*LJI Jlo V J^l Jlo L^l j <*L<i£.L*» V *u UgJil j <o*)lf£*i <1xa luli 

(jJI jj'" ^Jul JSLLJI Ua* <1905 ^L. V[ ,piV tjSLjfiJI tij«-> II 

• J^.l ^ J ll*i~ (jjJJ (_yl £ - ^ I A< ll (^-xALjJI 4 4 J Ml JlLujIj HI ftll 

<2»S-II j-=»-Ij1 jLG- 1 -* j p '_'.' ^j-* I > mi a')! ^ iA'i I *i _> I r , *'"' II Ij-A i^jjlIJ 

Ciij 4 >if.j (^jJI 'iAj i i < -L»jJ Yj-aJLo jL * a "r VI Ij-A d>^f ^-lj •J^vJ- 0 J* - * "» 

■ 'J^~'H <JjVI (j^-l <Cil II (j-o i3^ J pj 'All ^1 ^yjc j-i^al <(jij*iLjV (3^'^ 

(jl^j pj loJI (jt-> ^ i o-> II cn'itl j Mir ^ ml" II (j_>SJI J^L^, iii o t*il ^" u^-ll 

tlJlj^JI <jt iaaJi (>o Jjl (2)1^ ^jJI (diffraction rl>*-iVI Sjj»lJi J_Jj ^^"sl 
jj-a Jjl (jl^ c^AJIj 41519-1452) tf Mi'iilj jjjLijjJ Jj i^l a" IL> ^Jj-<JI 
Jjjjij <Young jjj Huggens >^;j-* Jj-° oj^Lj^ Jj .oi"IL ll<^ 
j in II f-j .A 1 1 iLa.^jJI Ljj h '> 1 1 <j_oljill obj jt "> II _>i^l la.1 yL^ .Fresnel 

O-" SpI .A « <j^jIj 4 i m I < t i jl JJi if* 4-Aj^2> Jj^=>-j Sjjj-iAj 

(1827-1788) (jjU.Mfjl .1818 f U .(2-7 Jiill) >VI ^UJI 

e ^ 
jij .il^Luj^iJI ixojjl^Vl <jLc_>j Cj>J- <1jI i. ift ^ji dJjj ^I^LiVI <J>Iaj (ji I > 

jliiiVI jjiJu _ |><-i. II <i=J fLuitl jjbj _ Poisson (j>l<l ^ ^aLji\ ^ 

i * * 

Ijjjj Jj-iji (j-o ( j^il-^'i in lj tPj .All <J^a. j-JI <jjJalU 

Ij iAf (J^-l -(^jjIj (JjLc- » ^iaTi (2)1 <*Jal mil ixiJI (2)1 ajLLo 



1 Ml tT j *t IIMTIMIIMBIIIU HIM 




ij^kUJ Hi j -o^u\ ji .2-7 Ji&JI 

^Uj> J-^>JS Lojixi lej^ail <ia.jAlt 

. f. j <la. jaII jljikl I L( Jc 



. ui ... ii ^jj!ul j_j a . s . ^ . it j^_5 ,F. Arago j-tljt I j m 'ilj-i t<JLa 1 II 

<_ij U *i II * i ' i ofj <4jL»I iii r\ II (JJLi_)_s ^t_ij 4 -\ i*i*t II c< tl *s j .I j i .ij ^ *i La 

(jj 1*1 llj lj*S A j . jLSliVI ulc. L inf, JJJJ ^ jjl Jj) lioll £ Jj-aUl pj ioII <U^.j-eJI 

.^11 < i * ^ ^^-fiJI * ^ > * fcL* I I 

£-a <v_xa-j <j1 CuSi Lojlfc dJjj <1905 jklx. J^ijjJI ^^Jt (jjll-ijjT ^j-L.aS 

^ j »l *"• iii j j ' oiXj , - ,1 a i ,,!■>. LaJj_o pj) «->JI jl i*i r I <iiUj 

£-0 Laa uiLe J^La-jiVI (jj^- 1 UffJ 'U "* mo i-Jbj^Jj JjLlj ^ unti l "it n „>0^JI 

&jj6 ■**' ' 0 Aij .^l^jel V Cjl n i " i -> LiJ^-O CxJ^~* (jl '-'"> I lllj^Ll i!ilt-i">^La 

.<xo_uujJI 6 jjd JoH*i i n't in j <Cil^lu jjiiC JAJ dljj <ph0t0nS Cjlijj^i CjI o_i iii^i II 

<1aj4 ^ lr j m.I i n II ^ "j^ " II CiLpVI J-o j< uUJ (jjl* mi'm! ^l^jJal <jt IdJ 

ij-o oUj^i^jyi jjJa c5^?^f -> ^photoelectric effect ^j-uaj^ Jj-»-L» 
(j-o jjx. ^^^fill J j v a, ft . H j . ^t > i ni'ij (Jji ^L*_iiiV (j-o>»-<> a^*- 9 C • "* "' 

L^jf Jjj .Lftjj in 4" Lf lc j-oJI <LjJajJI Sjji ^jLi. L^-il OJj ijjjiJl <^»l a mi II 
(j^JJ^ j (jj^a^JI Ajl ifi*i 4 -> i*i*i <j!_) (Jj * a ft Jl jjJ-a. S j nil i a ui ft 

' * *■ \ ' " ' " 

O^J '^>^>^4^JI J>*i-<JJ ^J-> '/I (y<^ l ^ £ *'J c^i ^jj-aill Ij-* C5 J ^ >"J -Jjlj 



^lj_oVI <UVj_i ^ 5 j -\> ^ I* J j « < n II i a < Sj^ ^1 ^_Sj_a_> Ij-Ijj .1921 

jv.tg > Jl jLo <jl £-o iCjlj JJji J J^-jJ ^^LaJI jLcjJI IjlA <jLs IjJ <4 j injUl ')> oj^JI 

J > 

C-jj-ii < 'I a"*»VI ^yic L i/^f, I ftf.J <LLuo (^Ll^ I (j \ n io jjj>) SjjJLaJI i_ "i'sII ^ 
<JjVI (j-o jilj JSC <Lajj <(jVI i±i -> t J^j-uajJi Ci uU I CjljjJjill <jl Sxi . c-^JaLL 

(5) . r . . 
- £.J-> 

<JjLL1I I j i > jjaJi (jA^jll <LLSJI j-lL SjjJ^JI 5 (juj Jj-sjjJI <j| 

JjU I "'jv (j^a^J-U 4 1 tl 5 II j-lC- <l II SjUi'i II j <C)I o i iti -> (j_a i_aJj-° £ j tol l 

4 'J * uaJI ( i_Jl_» Ij-al _ in"l Jj*S n i frjj-ji Ij-Aj - (jl£ <^lj-o1 (j-a t_aJj_o fr j) 1 0 I I 

anni ^ <u.o j II <LjtVi II m _p ^ ^Llll ^1" *mjI <sj^- j^j 

i^jj ^tiljL ji*^ a.1 <fi <j'j& «1907j 1905 ^ mirabili 

<Jjl^aJI 4» mil ■ I {j in" jjx. jljjsJI 6 jl_>-a> 

jIjJLoj Sj^aJI <a.jJ j-ijJ 4j>jiUI Sjl^aJJ JuLia <5jLJ heat capacity 

-* ! - «. i ( (6) ' 

i <2j a" n 4 1 1 ■ j -v " jtjljj I »j l ■ ^ /> <2j .^.^ (j- 1 -^ '1819 ^.l| 6JjaJL)j . ( _yiaA_o 

P.-L. Dulong (1838-1785) pjjj ^jJ _ J : - -j »» ^L^A^J <>Lt1 
^ oljUl jjc Luijj ^ <A.-T. Petit (1820-1791) _ j- : -<«j 

(jl £-o i n II I 8J iQ jjjj .<jjlj_aJI j « mil (j^uij jl j-oJI ^ > I (jl <4-Lt£ 

>Sjj cdlj ijlc «Q-lu (j _i mn-^ jjj-o Jajj .La.j_uaj ^.'-> < o Ijjk 

j^-S <Jjlj^JI CiL» hi II I (j i j (jj hi i a i (jj-LjLi j i i II IJjj <Cil JaJ aJI (j-o J_ij_o 

"to^a^La. (jl£ iflJHJ t^^J J (j^jLS (jt LoLaj q io"I <j taia *■ a 5jl_^. CiL^jJ 

^fic <J jtitio Jjjj SjjL^- (j-lt J i«i-> (^jI* mi'ijT ^1 Ulj^-i <£j-x=> j-JI lifj jU" lu (5) 

<<i tjA^. ^Jacl ^jlz SLal^o SjjLaJI ^'ifli *Gl j i<a u ■ a Cul^ <^jjjJ1 ^j^J i ftjj * J * 1 -■■ " 
.(llaJt Jj-ki. jyi) i<i ^ iJiaJJ JjjIh CiS^ll lilJj (ji C»il^ unit ijjlii 

_ tUU >Ut jj| Sj^JI _ f\jc.lu*!&. <a.jj/Jja. 4 (SjLui Jli\ (fLalJ 4jjI>»JI *J - 11 jj-Iu <^Ho (6) 



s - * * * 

.Sjl>aJI 

Sjl^aJI (jl ^IjliL ^jJ^jj jjjJjJ C-^* "' ^-11 6^-°^ 

<UJb laJJU La-o (jl^ I jJ .L^jLojL^ij i a 'if ^'j-* J^-^ CjIjIII ^j-a J-ljJJ 

.1906 ^l* Ij-.^ IU J ^Sl-.V; ,„Vl <lic (jjl-, ,VJ ,j1 ^Jl J^x ^jj ill m.JI 
3~t j " Cjljj-ll D <iiLj^_j Jj_s L&£ < 0 >*3_ > j_fil <Li5L! <5J"o n II oljUl jjJ JjJb jjJ 
5 J>i»JI oLa. jj ^j-Li . J j « Tt ...Li (juj I j stepwise " « clil U i 

<?* mil ^Li I jj < jljl*VI (_,-!! cjI jllI j-ijJ iSUJI j_o <_il£ jjS "i 4 iA«Vmll 

<Slkll ^jj v_slf> jji Aa. jj <<LJL*JI SjljjaJI CjLa.jJ ^jj .IjA. <-iAi~LLo 4jjIj^JI 
^ylJI Lr -Aj <<_i*sj ni^t^JI I()"iftj5 4jjljjiJI «L« mil ^-ijjj j <S jl^-o cjIj.UI J*t> I 
Sjlj-aJI <-a.jJ <_S^Lc i_il no jj-Lt Ijjli J^J "i iL'ijI <jL£ .^jjj j_jjJ jj l_AJJ-=>. 
jjlj <L^.jj_aj t_ij_4 JJ j ■ 4-ij t> ~i II £-o . W J^jljj ^Jl ( J_i^ajjj <<jjIj^JI 4 t m JLi 

.P. Debye (1966-1884) ^Ljj ji^ ^jjJj^JI ^L/^' t> ^Iji^u 

£-0 jlj n o jj (j£ CjjjVj-u] < i c i il i . iV I SjSlaJI ( _y-S jjjj jjjJI CjI (j " I I (jl |Ji 

.SjU) ^U-iVl j>o JliliiU Jjj-lJI JujjjjJI jf* jSj .sji^-JI oljjJI 



^LijJI jjjuLi (jL^ (jlj <^ ^jjjlIII j i^l > >j .1906 |kLc (j^> y*-*VI 



<> J*-"" ^jJU. JLjIjJI ^jJI <N. Bohr (1962-1885) >Li 

» , ,.l — II ^JjLjJI (jl ' ' ■ £■! » ■ ■ " II j> l~ *' ' II I flll 4 ft II ' ■ l~**' ^jl ^ ftl 

J^a-j .SjLJI a ^jJI J^jjj 4 II J-j-oj LoJ-Lfc <1923 fLc j-A 5jJLaJI LiiljJhV 

. j>J m->JI ^J(j a n A K i m ft 

LiiLtu <jj jjj <_jl£ I n P> ft j»-f-a j)(j 4 ft ^jL=k ljjl£ (jjill - fLalaJI <_jl £-oj 

j\ j, < 4 J J,Li nj in -s (j-a oJj-a pj .,A II <j1 LajL4_o ^^jjl a jiiJI IjJ-aJLcl _ 

^ya ill cl 'i*!* . ..1 . _ jjlj fJLc (^1 3 » ""*.' ^ St ^1 4 ft CjLj JJJ^JI 

J^Lki £-aj .ia.jjJL 4 i mi SjLaJI J,1 Ulj£a ^1 Sjlill - <^juL>jJI pUa5 

(2)Li iAl nil ^j^)^ CiLxj-Jj mi ■» II jj-oVI ^j-o ^JJ^ (j-S ^ «"< 7> a II <_jI J I n '<"> ! 

OlL ^1 L^jiij <JSU JaL- ^aj <L. de Broglie (1987-1892) Jjj^ jj ^ji 

^I^JI p^LUI 

jl mm'iI (jjj <Ujiii! <Q4jjlo j_j.ll IjV> .no 4jjj1II OjSLaJ jj jtj^4"i jjlS 

^jU* ...'I I'i'i^I <relativistic ..."i c^>l^ .cil nj ma II jLiljl j *j_u=JI 

CjLj ua-JJ <^ j*\ ft II «i ft Mill Jjl . JjJLoJI dJj JjJlaj L^-aji ^^lll ^ ~. II jJh jj^ 

p^.aII ^ |» uiUI iilJj _ geometrical optics a, .„.\\q II (cL^j .All) 

J-uaJI «?» itiVI (jt _ Cj\ uiJ 1 II jjX. £jJ_Ljj L»lj_aJI ^^it (j.i's * 't*> LaAlt 

^L^jJI LfiaA ^1 ^/'nl l (j^o 1^'iU .j j^j^j > oIjLmvo JjL (jJt j mjj" 
principle of least ^JLuaVI o-O-ll taj-o u <> J Lo ^ ^jx.jJI 6jj» j ,l!>j» .r>1 
<LAj1 jjLola.ll j^iL^JIj , ( _^ixi^ill ^ jLfll j ^jjaJI 1657 ^U. <a.__ ) l5l ^jJI time 
Hero of U j£j <k^iLJ Liaju 6jLlfiL <P. Fermat (1665-1601) L ^ 
jj* ^1 OlSj .Catoprics <iJj_o ^ LajjJLi .3 125 ^Lc. Alexandrio 
^jjlc. S jLaJI ^jjjG ...nj principle of stationary time j4~> ^^Jl la^ 

1 jl <L>jjLuo1 LXJ^- 1 ^ jl-Mift ^l->a I ^J^UI (j- 0 jJI tjl «J*"> mi ft II jjjjJIo <i jJLaJI 



gjLllll <j£Ll tji is*>*j\ dy&ji\ CjIjI i no \ I'm uaSLLo j\ ... .LuJicl t<juA-o oVL^ 

Lis J j$ <f^Vlj .UsJ (JifiVI tjl* <J J) 0 ' I d ftj ft'*" (j^-Of 

<-La.j ^ li L» 4^jJI jl in ft II tU Li. i% j iA II i_S_>Jl_l ■ a '< :<_JLlJI jjJk Sj ml i ft 

ij^J (jl (j's ft J (J^-S 111 A. jl in ft J N >lo (j^ 6jl mTil !jj IjLi i ra t I (j j ft j 

<4 *ju ft ^1 j 5 o < II Jjjij (jl (j^> < " I -» j J_4oIjj (jt (j-oj-LI IjI < «-i~ a l J_iAiVI (j-a 

.<iljVI ii-IL <5j>laJ <JLuiaJI J-^'l *j-aall <jja. j^JI 4jjJkiJl Ji-jU llAj 
( 3 m" J f%T» J <j l" n i'iUs'i ,j-Lj ^ a i*S jl i n ft l jS t'l Llj| (j^aj" 4 1 1 

<L*-3lj oIjLuj-o OjJAJ J< i ' 1 .(3-7 J< m II) J mnll Ij-A J^Ls j^lc. l^JLij-U 

<JaJ5jJI LhQjl I (j I If ji ml CjLa*J-o J_j^a.j £_a 'JjVI jl i n ft II <j-o IdA. Luj^ 

^jjj oLa.jjJI (<j>kj) j'ji-tj (5 jj ul-* 'Olj L " Jl Lfl_di (_j-*-ll <jL4j.ll 

destructive Lolj_* ^Lklj^ JJ «~ » » *Lii)N Ij-a ^ n mjj :l .J* * j L4 , A » j 
s-La h^l^a i _ f ic (j^t <jl :ia-j-<JI <^j^aJ Sjj-o_o JiJajJI .interference 

.f-Ldl oLa.Lljjl ^ I I" yp'lf j <(^j^k.l <La.j_o £— ° 6JjJ ^j-jl U~l~l -» 

jjj«J j»J (j-o j (MjJ-8 4 fll"-> ft jkjsljj J_5l^-a (jljjLa. <J jl i n ft J^. <cdlj 

JjLlLoJI jjjjuJI lia ^ ft 111 1 :l mi 1 I j 1 A* 1 jj-ajj 
£>Aa frLJI cU.^; ^5 LAi1 jjVI II* aiLiu .constructive interference slL 

^Jb jii^JaJ (J^kljlj ^iJI pljl 1 11 ft. II (jl .&UJI QLjjjl j_j-*JJJ (5jj-ll ^jUajJ 

_ jj ,jj> jJI Ciljl 1 11 ft «La jir _ I n >5"> lu n I (jj^J (jl (j-o lj-2>- <jj_>5JI liLtj 

Sjj i^aaJI <jL«JIj ^ni'iftll (jjj 

j->l ->.l (_H->Jj <U1 III i_fl_>JLj V »J 1 All -> II 6ilA jVI u.l-> III 

^ > ft ■ ■ J ^ ■ <jl :j j ir>VI (j_ojJI jl m ft (jj's I in jl ill ft II h_SjJLj (jl (jjl 

V (_f-*JI i^VI (jjsjJI jl 111 ft (j-o I jja>. ijjjill cjIjI 111 n II (j^J (pljl iii ft h 

< j L t£l Lojjc j L>^ 1 <Lolj_i*a J-il iLLJIj ^.lo^JI j^Li.laaJI ^ 1 111 ij .LiAju I j lot) 
I 1 mjj A «) /> .a* ... ^ II UjU^w II (^j_lu ^ 1 1 1 Ijj* .j i«-iflj ft J) 1 A II <J^JdsJI JljisVI 

I j t ju^J j^plJI <-il (j *i II (j-Aj <j i<i 8 II < 1 (| "i *l ft _>J-C 4_>_a.j_a JljJa! <_il_d-j 



JliJI ^ .3-7 Ji^JI 

Lajla fl '<* • ■■■II - Jjl alL't*. I .q'.I '(i^J*"^ J^a-H <J "^*'J i^. J-o jLtu-o J£ ^^-Lc I *> ft ui j jij 

j i ..." j-lj^VI <ial£ io^r*. I ■I'*-" lj|j i l~i *> ft (jl"" Hill ^vj ijjLjjJI 4 Ua'ill jjJI ^j^l ml 

Ijj £j\ » ..i l l <jt j>^J lJ lc. jjjjjU jjjij (jl I ''.'If o .'*". 1 ' 'U^V U-° W "* ■ *.' Vi-^* ClIjLuu* ^^it 
Ijj j lj« — <i l< II ■■■II J*->J lift J <"Ulj_A iijjJaj JAljIj Lfjl j iljjx " « l"l n <jjI $ \ II -LUlJI 
0 j_a .*LLo i-JJ^"' jjLl j\ ... ft I j jijVi in o -L^L JS-i jjit jl i.iftl 4 . . ■ a "> c- Lf -i)l (_J_>j ^ Li mil .Ml 

I - - -II* 

J^.I.Ajj '^j-^*; (>o Ij inl; Ida. i_JJ_>3 Oi^tu "jLjjJI ~Jaij ^jjl <LloIjJI j-IjjVI JSJ ijj£j i<JlaJI 

I 3_>1»JI (jLa .jLuu (jl jij mil <j>^JI J^l£ pLktl jit <j1 lia (jj. ^nU* m'i .<uI.aa <ij^kj 

.j» 'Y> hi r. II II (j-° *LlJ^"JI cLLj t _ f j6 JlaJ 

iloKJI <J>aJI O ml OS j .4 j nijift qLj ,^ ! <jiLjjjiJI (i^a. jjjl) OptiCS oljj-uaJI 
l-ajJ j_>JJ -> n I « I I j J iii j" II <j-a J-fapJl (jl (jjt << ~> aJ-cl_S (jX. J ■» a 1 1 

■ j^^-v" IJ j i ii nij-o J*S i m j^it ijj^aJI J^>JJJ <^.Uaj J£-£ (^it 
(^Iaj .Cil nj ma II ^ jJojJI ^1 Jillllj <LliL»j1 ^ jj ...a' II j° '.I 

<kaJ J£ «ui Sjjj^JI (5jill <U ml jjJSTJI .'K;l<j«ll Uij /> . j l ...^ 

<u <CjU- jaII jl mi'i'iI JLa. ^ Jjj .(3 J i^iill ^ Ljj La^) 

yiliJlj (jkl <1744 ^.U. >ty KJI jLujJL ^1*2 <jLi^ a ^ ._a.r>^JI 



P. L. M. de Maupertuis (1759- ^jj^j-o jj jjj-o <jjJ _ ^ ^-Lll 

aIL^j ^Ul jL^JI ^1 1698) 
Ioj-o ^-q «.<j (^jJI <jjj-o ^.ij jjjj .i-jjt i^l ^action J-a-aJI ftl a ml 

^ <GV <4^Ljji Ifl'ift ^\ j&J^ ^'jL^I 6-° L5^-^l J^—oVI JjusJI 

51 ^ <Essai de cosmologie (1759) L^j^xujUI ^ <JLi<. Jjisu <J 

J jj c->U-.\< V j -gLLcoj Uo >Lo t j^£j ^ j_o ia uiju V 4±ll JL^ 

lo-i ft I i^uU II (jfi 'Jl Jjl 4_>j_>JI ajjfc h •»> cj_u/ (3-° J • ^ fl ? H o -0 u *^ a a j>J-2 J-il 
™ * ™ # ^ 

jjjj jj^l ._.IU"j LSjjL iilLuj <oVL=»JI jni i <j»j ma II JjL j£j ji-^aVI J*iJI 

principle of j,a" o II Jj-LII b» « j-a b x*U J-^&it jLj <LJi IU .JjJJI 3.* 
.jj . T-.V1 J*iJI ol jl uuu d utn"\ .<■ LiiLi ><LI mJI <u*jj .stationary action 

* t * 

^jiJI 5JLuiaU Liij jj « "jj tl 1 A nix, action «Jaiil» ^jij^jj* i_sujaj 3^ 

^j_ tu jj_ LU J| ^y^i^LjJI ,Jl2 3- 0 (Sj _ii a t^\i cb 1 /-.Li j < 8j 4J n , ■ <— ■ j LajjJLI o3jJI 
f U <jlji i^lp <i_^ <J cJi^j ^ <L. Euler (1783-1707) jjLjJ 
jl j^i. J. L. Lagrange (1813-1736) j^b-xV ^jJ Jli 1760 

<j-a£ j j^-j ^jjss 4 j ujI mVI <Jailll :L* jjLa-j <la-jjLjJI cjIjliasljJI i j_a 

jtj ma. j _ ",*([ a U» LkJjJ Lfjb «t ft K II ( _ J j j^i - Jjtill 1^^- ^J-*- 0 

^pjl 4j-s ^>Vlj .jJLuaVI 'J 11 jl ij-i-j-aVI J->iiJI Jjj Jil JJ U-Jj-la jLLLj 
i-jj^ ^-4 _ 4-5 jLi ii II (J Hl o K ^J-«o J-if-l Li-4j _ S j Jul > ft I j I il 5 '( ,jl i_t a-j 
bj Ijlj S j « ual J-»-S 4 l-^j 4_Lo uli (^jJI jl i u ft Jl <l 41 hi <a i hi ^ II t_s 
- J» ill bLuojil jj^I 4Xe Vl (j^-cu jl^i (LLiJI jl iii o II djl mi 

J_uaVI 4t-i8 j ^1 4^.1 jjl J jjlj ^1 VdJ <ia._JI ^IjfJ - J 0 ~> II 

CiLjj i n ^ I I 4 j ml mVI (^Jjlj-^-ll O^i 5 > 1 '' II (1)-* J-ijj-J jj J-A j o-Ll 

U.i ji i I a^-jX j < n "t II (j-i-^- Cil ft I hi ^ II i*l_> nl ijiVi jj ml ui^fl ^Jjjljillj 
<p 1 ■ io II «ULuiX 3] (^IjJ .,^1 jlJI ^yix- jJLwaVI JjuLII bj-oj j» i«-»VI 



<jl (j^-oJ tji i<~>\ J-«-S (5^-11 jl 1 11 n II <SiUajl JjJS ^J-*^ ^-i^-J J-lJJ 

4 U i"j-o <La. j nil Jjj'C" J <iaj^jii <p j 1 A 1 1 j aJLJ in" 4_iLiji=JI (jnt'i 1 J^-J 

J^il JJ <-LJLs <<■'! 1" <i II j ^ l'<ftll (^IJ CjIjI m ft II J£ i a im^I ni"i 111 

it * ' $ 

Ijl j»_C.1 CjIjI 1 11 o Jj-sl jjjj fJ-a-SLJ jvJ Ijl^ I n J 5" 111 n I In ~% 

clia Jjkljj jjJI jajin in ^6J^a.j-a - pi , m j » , l lj Lil^-aJI Cj^-jLa^> _ <_£jJLJI 
Jjl taiJ £-0 LojLua f-LliJI Ij-A 1 iai iiij . L^-jlj-i_=k j >*il"ij f-LiiJI ^-a 
<j *l *M II ii^jAJI JljlaVI 4jLfj <«~jjLJI ^l^-aVI)) (^a-j-oJI Jjkll 

SjLuljj d .-Xall jajC I I iiij'i A Ij i-^ <iijj-a.ll CjIjI mi n II J 111*1 111 <I-AJ i«~it ^y-S 
CiljLuia Cil ft < 111-^ II <US ('11 in" (_*;j-l I JfjJI i 'Ij tKtnl l jjJ_> (jl 

£-a..}_oJI Jjlall SjL^- ^l"*'"« '"I JJ-^ jJ gj !"»"' <** J 'nil lj-* (_y j" IJ 

/) 

j_a I momentum j^JI «->-a£) I I ^UiiVI j <vili}L c^li h 

CxjLj t *C ftj .(3 J k-iqII Liftj La£) <1c.j_uj 4" l"*S 1 A J .^l ^ 

SjUI 

J'^ll £ja jIj I jJ <^ ti-^t II ^LajjVI (j-a I 0 ftl d ..J ^J-^ 3 o^- SjUjJI 6 (f'-*- a ) 

jjl .j-uaill SOiljl^i <Ua, m)^> Jl jlal l^J jjl ("r^' J^' '(jJ-UI <Ci'_>£JI) 5jj t'sll 

tfjL^ .ill. 4 4^1UI ^ jaJj jj-o <£._ > -uij IS! j^'ift (jj^J Lajlt ,^_=k i)^JI liLl ^ia 

- , . # -35 

((jjijii >'! i'iK i ft ' * I'^^a. j_o J_ol_xiJI {Js ft ft II (j^ 4 ^ <Jais Lu^Ij 1x10 



^ 2 * s ^ ^ ^ 

j _ s _ * * 

111 <5jji i^n «Tj U II L^LcUjjI (jLi jJ> ,j-o j <Ij^. (jj^JI <LixLk L^jV Iojj.^. LJlx 
<Lil .t.'^V)) dJj j <S jIj^-j 1 929 ^Lx. Jjj-i S>jLi. Jjju-? j«J J a "' 

*" , 

jLuilj «ta.ljI5l (j^i ID <CjI oj uia II i_LiJ ^ CiLi JJJ^JVI .UJj*.j CjljjjjUVI {J ic V 

V ^ .oLj^JVI JU ^ 1^ 

* la '"'j a " J * 4 n u,i <1 J ■ a II 11 fl - j <L^J (j.n 1 1 ^ < < c sl j^JIj tjjjAjJIj iCilj^JI I Q *i o i A 

j(j nil ijll" n"t cAjjjj^JVI <jl jL^JaL Lujj^aJj 4-L^_j-aJI j o in II 6Jl& J J^J Cuj^ S&J .L^_i 

j^ilK ^.j-aVI ^li 1927 ^Lt .jrljjLiVI <£lj-o?>U §j4--a Je-" 3 ^ 
J cx-Jit oV J^j-i S^Lv ,j_a C. Davisson (1958-1881) ^ „,j ilj 

G. £jj Lu-n^Ja j^j^a^ ^jl > j ,11 (j-o 6 J i -> j Sj^Jj 4 t-i ml * >"i CjLj^jj'i^ IV I 

L( i£, J .Aberdeen J^jo ^ ^111 Jhompson (1975-1892) 

.(Jj-iJsj g| itif j »«*. Laj^jaj jJLc » Lg-jt ci 1*11 <GV SjjL^JI dllil jj-o 4 "i i r-i ^» 
G. J ■ — - > ^ jU'.ll iliV 4 ^ i nJ Lfjjj •^■l^->j^~ll ^ ' n 7> c <CiSjJI dlj jj-o j 
cfcP- ui-H^V u' ^ ^JhW- ' => - Thomson 

■aj,,.^ (jjj^JVI ^ cuil <H sj^UJI J. Thomson 



<5jiaJI ^jj fJaSi <_>Ujj3 cdil jJlu jii .< ml mil SjUall i_HLLa llaj <^,j^JI _>jx. j m'i" ,,i 



jJ LpU <jiVI C ^3 s^jiJI L^i ^ ^ill <WJI ^1 <#l liL-j 

<L±jjLj jK ^Ul Lo Li^a. ( i 0 Sj jJ Jjj_>-) jJ Lf -J-^- .LoLaj <Laj (j 8 ft Vj 4 i^ lj 

^U-AVIj SjLJI duality 5-^LiS <jL£ c-^P ^ .«<jjLJ ^I^VL» 

I ft II Vi j i A H jl .Cil ft j in II j ^1 j-oVI jj-o J^J a j_i n ft ol n hi I o (j ^^LLoLj 

" * » - J ji 

<C»I * ■ ■ II JiLo i_ij if-»"i i <-j1j < j^kl I j j <(J Jl CijM <^l j-aVI 4 J i ii j <j] i_SjX. 

L^ilj .Lili L$J J ^particulate LiSLij Lpl ci^I LJLk ^1 SjLJIj 

i_i 1 ^ n Jl Sjj_na I *i j ft j ^ n I" <(_Jj^k1 Sj_aj . <Lja.j_a Ci *il ^ jj La£ i_S j i<-* i " 

I j (^j^-t 'I-3>jj-o (j-o 111 jojj (^jJI <(12-6 J *C mi l) 

Sjjj £Jj <SjjLlJI ^jaLjj \ II aI S ft II |» h » o jSfl >* J cs^-J' jj^' ui 

.Jj j^j jj I o ^ jisl j^^iJI <SjLaU i^a. j-JI <»_tiUII Jji. Ijj LojJU. 1 926 j».Lt <G ^5 

«(jijj^>_i_S)) I '< I In i/i ft ,jl I ) ijjJI I -a i «~> lj jl— to 

lUL*. _>S£i jJLc r lilJ| ol»U i <_.».< It ?..<. i.-^KJI pLj^l jLiJ <^jalll 

IjjLi^a <dl 13 I d a '" \j <Sj >J a II j Ul in > II ^JbLiii ljJ_ua_jJLj |kJ f^j-ij uojj 1 1 

J^isdJ <J I/-.4II v_jlilll i a J^iVI Jfi=j (_jJj -(j-^JI jLi-ua (jjll iAj 

.^JLJI I'-^o °l ^aUI I'lj'iKjnll U jij ^1 ikLuiJI jjc <<aJtilJI j <jLiJI 

y^Laaj ,jliiLa£. ( _ r lt CiljUj^l ui m^l mftll ^J-^aJI Ul ml iii 

W. Heisenberq ^ ^^jU ^ jlj jLilVL i=U^JI ^LJVI :Ua i« ^aUI ij^^kiJI 
E. Schrodinger ^JLl^jjj.-i. ^j^l (^iL-jjJI ^jl .„ n . II j ,(1976-1901) 

j j ftl 'tjjJI CiL ilal a II .-^ ■ LjJ ^ n mi CjVjLa-o I_J-x LtL^a ill .(1961-1887) 
^ ft inj Lo (JjVI ^Lusa j3j .<KjjaJI ^-S (jJJ^ (j-JjI^S '— *i a (_yJ-H <C)I nj m-> II 

wave ^?.j-aJI i'Ij'.Kj a II ^LUIj .matrix mechanics olijJu^JI ■>!_. •■<<_. . 
(jx. La-Alj^J LoLlj I ~i -s "> jj" e L uq II <>j-jI-4 I j-j j-5j <mechanics 

J l~ f I l 1/1 II jl J_iaj La jLcj-iu 4j^J I "«» 'I jl "i 8 I" -> ft I * Q »" a ... I a j| ^xj <^jA.VI 
i/»i i. iii jLvk <UI in n jl" i/^ijl »"> ft II jl *i j in La II CjJ-C. IjJ dj i^Ljj jl* a .1 L" - 

* " ' .. *— * * I 

^jLoJI fkJL&JI ^jlc I j m-Lj ^jiajJJi ^j-Aj <«l t Lftj ft II j n in II Jj-o . . X.\ .j I I 



pljjjl jit jiAaJI ^La. j^ljlJI UjJ I'm If. IjJ <<j*>»K"« <<Lilii>~o JjI^Lj 

quantum ^j-aill <»ljtKj«ll cAi j-iL^a-JI djjKj^j d/tKj ill 

.IjtL^ai ^jVI <>o - n~ 11a JnV> i n't .nj <mechanics 

(jjLsLtuj i" f I i II ^-j_al_uu ^jjjLi <cdJj jj-o V J-JJ . I I I o j 4jjj-a OLtj'i'N o Jj_^u 
.Jj !^>U"II ^ dLoLaJl ^j-aUl I'luKj/JI jAj^. ^jlfc ck^UaV dJjj <l n,j\n 

La^lc eta ,>2Lu< ^'i'i^I .uaJIj <Ujj-iJI j lis VI <-f^-lj-° <.'Klr i.iaj 

ijj-o j a£ II djjfcS > a II J-J-laJ (_jjJI ' J^a LI SjLjI La_>j^j CiI a hi II >f-«il CS'^l 

jii .1927 jkU. £^ijjU ^jJI ^uncertainty principle ljLujYI ^ 

<^>°-ll d>k o±t iSiJ-t J J <iM-t <LL*j _ (jL»jj ^1 J-«x. 

( _ r lcj .^J m-y II <ljJt-a Jj_>j Ladle L$J jj^^Ali Ciljuji" «Laj _ ^U-^ll ^lijjYlj 
I *■ ■ I « a '(' JO 7 " JLoJulxuLt j» i iii^ Ju,^" LjJjI Ijl <Jl^LaJI J 1 1 m 

0 If If 

tsjjl ,j-o Ijjj-o 1'i^lU*. I jl /«j II Ai-o^J JJaVl ( _j-Lc d^ilj ^JJ ji Jl n» " m l 

.j £-a.ip> Jj-ls 4 I n ■» ~ 1 1 1 'i ^ jJI (j^J j-iil (jj^- 1 (jl '-'^ (£-3 j)-aJI , V». \ -% " ^-S 

jj-S 5 j a *> J).* JJlI a j U < f-^ iti ^1 d-iJ -> "i I '> nj V i^jjj-aJI g-j .A II 

c jjjJI ,j-o <aj^5 <Lta. jaII <J| ^iol jjj^ jJI - lIiJ if-ilLi • j"> aJ I o II (j-a i— fiVI 5 j utx i\ 

i_i i i ii II jJ6 lj_4 j <_>Xe ijlj^ (j-o l _y-l x -l 'f-SJ-j ajj hi <i J^jja iX>>ia-!Li LjJ n uu V 

si ^1 <lda>i <jJLc CjljJjJ LjJ CjI J-"s>1 Jl m' ml ( _ r Lc (jSijiLLaJI j 1 jJI 



(8) {■ * " 

< l-Ajil ir-i" ^yjJI Cil j_uaVI (_gJ I (j » tl jj> JSaJi ^> tajj m> <U_^j_aJI L4JI jjal 

JjJa ^ mi_i Ul '1 i oj-frZ ^1 » nil JLaAjLdujI <l •> j j > <JLij ,jj> JjV (J-oj «Laj 

jil jj Ij-A j (J>jjjfcj±i^ 35 LajjJ5 5jLi[ Jm'i f.±t % 1 1 1 (jilijiJI .■. i ^ ill ^ji-wVI ^ (8) 



.<j>lj-aJI i^j^ JjL j j irtTt ilA jljjj <j>5>sJI ^jJI J>ai-JI j^JLiJI ^lio^l 

i3j SjLjj Lojic IliU I jIa j 

J_ua jjJI (j^o (j^ n't <(Jj_uxfljJL <L1I mi nil 6 j-4 Jj !->*> ! J . ^ti-> I I <£,LijjL 

./? jl y yj^/ ^ Uojy; -r-Lj^y' x ^jji ^ v L^y/ 
j^jjjjjL* ^Lla \i i j (jAj j-^-j (_j-Lc j^a-j jkJ La I <*i inj ( _ y jJI d ft II 

VI 

* % - - £ ^ 

<L> t Lie Ijja. <ilLLu> i=k_uj <LLl&JI <jj-^*>II jli <j_JaJLj .<tllL»JI 

<(j^l nU II ^7 ([ *1 o II II jjj jA^y». t\-ajjiC <(j-A (_y-^L? ft jJI i_ijl II 

L^-Lj-j cjjL^ » jj; Lj 1 1 MJ_S (^JL^JI ^ I » II (jL£ jLs <l j-> <n Li-o-fri jjL^ Ijl 

.<aJia La £^jjjjlA 

iSjj j (jl I o 0 "< a jj-o (j^aj ^U-^ JI £LijjVI j £i>.<JI (jl ^jj ,_,jJI 

LL^aj ^ac. j ^_jjjl - vjLjjjVI IJo-aJ (j^-aj i ij^ TjA (jVI jj^f jJI JI^-uJIj 

> t uo ^11 ^j-S (jl _ «U!SLj Mijl^JI pLjjill (j£. IjjJ-iii IjUljIj t <JUJokU L nil ml 

<Lc.Lajjl j fj, iii-s Jti^o (jt (ji _>iij <«ij^J mi^KJI fljjfiJI j> II ^^aLjJI 

.(>ji«i->H L»La2 Ijoa ^ trajectory 
j«_»^ljJI (j^ (jj^j (jl i- i-^j i^jJj LoS <j^a.VI fjiz- Jji II ^» mi l L'i i's n i j 

:<jLjS <4liaJ ^ <LuLdLUjj jji 



0 S ■ \ 9 * * 

6 ^1 <3 x 2 ^^L^ JjVI <>«VI l^JI "i 1 ^ j 3 ^jL^ - L^Jt * LkuVI 

, " _ * - «• 

<jl jj-S ^LfiJaVI J £JJ JaII «U_>Xo V l\£ LJ <JjUI J-a^-o j .IjJoU. <jj£j 

SI * 

iJa-L-uaJLi CjIj.^. j 6 (_gjLm-j J_i. (jl (j-o (jjij^j-o (J_^j I *« aj iLs i j 

* * 
^IDI ,1»JI J^C Lilla o SjLjJI i>jj» ^j-S JjVI iaJl U* g^a-oJl (j-*-* IjJ 

g * 

V ULua 1 Ijj s <la^> iii <OU 
I j-iULa j_uuVI diiJI (jj^ d lj .(jjjjjjljjl (Ja-uljj-iiJI (Jj5 J^o j j mil IjjI 1 1 1 f> 

jixjjj <i_.<. ,,.V<II ^LjJoiJI ^jjJI <a-lJI jjJk j r j5VI SJljAj CjLj^Ijj j4 idll 

la3 "'" 

M. Born (1970-1882) J^U 4°>Jj aj SoaI ... o 1 ^^jJ^jU 

^ j-u^VI S^JI JUjI <-L^ P. Jordan (1980-1902) o'jl?-^ JIj^-w 

^J- 6 J J^-J utj^ JJ (j^ J^ "'"' "' ^ <5j^>ia Jij -> ijjJj L>J i 

(jLi t^jl \ in-. II ^jji J^ljjJI JJLJ <Lj1 j <pj iii-^ ILj Lo <j_jJolj ((<< U Mj-O) <JjLa 



i i.^ij-k <ih/2TC ^ Lail <h CtuuJ SljLuiJI j> u-jVI laJI (jj <iiSlJI iiuiJli :iL13 pLJ,VI U mi/i (9) 

.-1 i_JLJI Jaail ^jlijjjJI jiaJt 



jjlaJJ tLukaJ! L^SjjJo ^ < .tj'C i^j-aJI jL^LV «icl ji ^^it _>jl»JI <jl^-°^ 

<JjL«-a J "' a " J-cljJjJI ill I "> .Sjj^a.j_o I ) j i i j ^_gjJI jl 11 1 a JI lj_A ^j-Lx. 

> j £ ^ (10) 

j US', jj^s iijLJI <L*. jjJI j i i & t> mi II <Jj!j> aJI a jjfc jj-J-JJ • jjjjj jj^ii 

< _ s JjJI ? a >l i ii II «Lbl auaJI (jn t'l (2>-a SjLiVI I 'ij If. Lfl-Cj-uaJ <Gl (Jj i'ijj <(5>i.t (jJI 

£-0 jl II ^ L^j-o 5 jliVI ^jjj^f^-* tp*- I " " <^LajjVI j £-3j-«JI Cj " "-»">" 
Jl< liiV «ij i^LjJI oljLx»JI (j-Lt J in^'i <jJLLu jj-i <JjL»-o J-i>-j LoaIc 

jj j i 1 1 1 i"l V J («<LljLa-!l ia^jdl)) 111 i<~i n J n»"> uu Jju j»J .<jjl_aJI ^-Ij^VI 
j_aJ1 OwJI j_a «4-jjLaJI 4_a. j_aJI» (^_fc J-Jj-jJI 'i j,t ~> II g-Ua-i^aJI .<U 

jjua ■■■"ii aia J nil j j <(5 ^ oLiLU ^IU i/-.n jjb j) wavef unction 

.IjcLuai ^Vl ^ 

ZJ-jm f J-^-ll) ^J^J "«N^ ^ c*LaJia-wa-aJI L$ -i c«Gl ^j-j ^j^Lo IkjxV 

J^-a j 3 1-» *i n ^.a Jj^wj-£> jj^i^S ^Jx. jj) '"nil Jl n~ -\\ LjJ^Ja d « ...I " a &j || 

CjI j-o >__icl 1 <Vi" !([">.< 111 (jLa (jjjjjjj <_uj^c<a i^.j-a <l i m l*iif Lua Ijlj ^ .XiW 

Ai]n'\n (j^jjJ ^JJ-^~ Jl "~* I jl JjJJ (^Cilj^ t^j' ml gj) i «*i II «Lo j-^ 

aJJk j_i_ui^jj ^ » \ ^jjc tilJj JJ-J Cx)J-? ^J-*-^ -Cilj-a J^jl ^1 lAall (j-a < J i « a 

Lo <kS: ^ m-v I <U^.,>aJI illjJI J-JJJ j_> in4"( ^Ij cii^jjJI JljjJI ^1 iaiUJI 
<JI>J ^L^ IjU I j (dilA p-i 1117. II (jlt j>Ul! Jl oJLa.VI ^ t~»j <LiL 



JjjJLjj ,7t IT1 JJJtlJ Jj>l it ,nt ii. jl .kcl) J-i-ijJ JJ-" <JjL«-« (jl lj-» J J>i (10) 

h 2 / m = (V-E) 



.^11)1 jJ^JI J> <A j^uJI JUi^l JjVI jJ^JI f^Jl 

J 1J*S Jl ft" ~»l <1 fl'it <lj 11^ ' J " <Jlj £_J_)-0 (j_J^-> i-1 I ~> <Gl ^-1 "i 'i~ miVI I *l 'l^ ft l 

■> 4 - * 

j^it ^jjaJJ JLala.1 4_oii JjjjLua jjj^J ■** '*>■ J <iJLiA |> > ma ^it jjjjlJJ 

(jj^J ( _ r lll (jLLLall jjt Lf lat-> j j ...a" H <j1 .(4-7 J£-£JI) JllA iita, 

*) - j-.i1il o J-aJ J-a-S ^^-S J irt-\ i Ijuij _ 4 i II iii < n \ » A I I (j l t 

'££„•' •» 
La J 'if. <GV <<_i^w j-a <JldU I flja <jj£f LT^' (jkllflJI L$j ^Ui^l ( _ f lJI <L ft ftVI 

LtAjl <Liji. j_o ~ » i qj <f ill in SJaj a (jLi <<A^».^aJI ill jJI £-^_h> 





.ila. jjJI <JlilJ Born j j .4-7 JiJjJI 

l,Uf u n ..i"i) J=Lij S.ic (ji ji inll jl "i j Ljjl 
<^JI Oil cj- |ij ,( nodes 

j - ' ° ■ ~ j-°JI LIIaJI LoJ-j-c-j -j 

tfjjl .j^l j^LiJI liV.nll kiJI ^ J.oVi 

.^i i \ j a . « i j ^ I (j^jl^ 1 * » i t ' * IL ni j ' f j ifi 

j * a" 1 Liijj .lj a <j^xj-oJI <JLxJ1 
iili^ <U ,„1 j_> ,,.S"i II ljj» ^1 Li j 

^1 i «J tflll ^l«i..ll Jaj^Ajl Jjlh-.ll 



.Jljlll 6 j-4 <uic jjjJS Lit ^1 iU'iI IiJjj 4jJllll SJjJUI oljliJI ^ 

ijl (jjJj <Lil^j Jji jjjJ I ■ * A J j » I O^j-iSi iJjLauo 1*1*1^ n 1 i ftv^ I i AjI ^ 1 >t in 

i 

.<^liJ| <j3j^J| Jj> <JJ>a. <j I i a\ a" iljLxA Ja. <Ul*j La£. Sj^i Jj^J JjjSo 



curvature ^j-LS > ^ " <Jj|_a_o ^^.a jJLLjjjj_£i <JjL»_o ^1 J^-aJI J »■> »j 

* - * * 

jl <ljjj_<i 5jLa, j-JI <JIjJI jSj L^ii jj^j (_ylJI <j^oVL linYi Lp| :<u». 3Jta 

<6j i i*s p ■ ■■■^ U <LLal_£JI <J1 K II (j^j^j <_i >~» (j's <•> ' La j-ul ^ujilJI jjj^j .1 1 1 i U 

<_>Li fJlLoJI J LJ in d .AU '.a 4'mKII 43UoJI jjj^J A l~> (j^aj La (J3| jjj^LiJ 



jiaJi pendulum (Jj,i '*,») ^Ijj <LjL$-j ^ jj^a.^<JI ^jJLL! £!La.j_aJI iJIxlt 
Ji-uit ^jj jja.j-JI) (jojilLi :5-7 J*s .a II Sjjl ^cJI villi! <Lo da. ^1 ci+J ,»* « 

' * j" A ^ jl ■■■ " . a ■ ^" * ^ 8~i (_yJ.ll 4 Ui'i II ^j-i ^ lf.t_i dj ~> ~ i ^(jxiljjjl 

-> ij <«Q^j^i. ol -~» "I j i i"i i ■ a <jl in njl Ijub ^S_)Ja ^yj 4x j-lu 4 ~>.Lij 

• )j ijj jl i ii n t _j_« ' a ■ *. » II 4 U a*i , )^)_£ £ J i " ' 4— Lu^jjLa 4 ) -nj.aJI <UljJI ^^-i I 8 1^ 

Ijl i ii oil ^ji jia i_j_>5 iOaJj «Ua. jaII <JljU <L»_lu Jjl ■ a ■< LtAjl U-n-V .^^o 

jjk >j£VI Jl /Tt^VI (jV (JjjjjJI) ^1 jjU i_a jJLJI d jl mil ^ m'n 11a j 

i 'I iiijj (j-ijJJI i_jJ-iHJI jl hi ft j^-SjJa <«LCj_duj Ua 1L1 dl j "> > ■*•■ i a 6J_ja*_a 

iLaJll jjjj'i I n (j j a 

jLujJI (jj) ij^-jj^ iji. jji <Jlj .5-7 JiiiJl 

^J^jLLqJI J^iJ JLajAiL I jS IJ I /(J lAill 

Lj^^iJI JjJklJI <iliS j_- ■■■»'» lia 

• • *i "j ** 




^la-j^JI illlll .(_5>kVI <la.jjAl]l 4la._aJI JljdJI jJ-G . a.< ^Sfl jll 

La^ui V Sj^UJ ilalill <iLUI .Jj^aL yiil dLu, ^ jVjiVI g-Joj mm 

(j\ J i A«"i ^ <l^.J-aJI illjJI ^Li ^alll I 'i 'i< n_i IU <JJ ,,ijl ^^JLt I j - t j a j -«~ i 





i^j\=> ^-fl-jl till ni ^^JLc- JjJ j-Aj Sjj^iJ {jJil'X j-Q ^jJjJIj null ^^i nil jjjJJ .6"7 (J^jSJ) 

j .LALLlo Lki. UU.l>I ^ jVI lo. j-JI <JljJI JjI£ ."Ui J= yi <£_>aJI Ljliy (jdljt as. j3 

^ic] 4t_>-»MJ •«■*_• 45 jJI f J II Lr it JJJ»JI U-°i^" ViU-^ nil LI .ULc Lki. Lclijjl 



jtj »u?J <o^j^JI <UljJI jjU SjLxjj f ^6-7 JiJaJI) Ijji Luj^Sj <Ua.^cJI 

* -■» •■» # 

<J j^jil jj] V - <jJIc <j£>a. iSLL <(J _ L«j>^ I n» uia. <jl .JjJ,>J jJ <1%C 

j •-- ^ a J o J^la LjJ <Loieuxo iiv^a L^-jLfi jxj (j-aj ibj \i if\ «Lil tun 1 g *i i i j q" 

* "* £ 

.^Jj jj-> jJ <ts^lc leu iAIL <L Lull Lo <l djjbj 

t-iLiuV (jLjbl I a (j j S —i^i (^flill ^"jl (] jjfJ d I mi II JjJo ^^it LLijj <^a. 

.i'II mil (j-o «l l-i i"i (_jl ^yi Lj-iic jjiall Ajjl nufl (j^aji iaj <4 tu^t^JI ^ ij.il I 
<Ui Skjl ^Ul jjl^aJL j j TillS .li±La_* dilaj ^-oj ft< II I'lj'tKj-n II <j£J 

4jji.j-aJI <JljJI £-J^-o iii-^ *t : JJlj CxJJi (j- 4 Jajj nil in <">jj II 

LaSj .^Jtj^JI liilj |>_i ni-^ II (jifc JJJaJI JLola.1 Lfjt-i 4 ■s JJ J II j Tnt'i j 'J-S>o 



tiLlj ^ j» ' ma II jjjt j^jlaJI Jl ft" -»l Ljjtj Jl ^>J^ (je^ <Joia-a-aJI <j-o (£jJ 

4 1 ml hi j ji I () '!<* » II j-A Jl ft" -»l J-J^l (jLi < UU - ^ nil ,j-o (_£_>J L«^J •£-2> a -ll 

<Lc.j^jjj Ci "i I Ij I in II J^Ja (_ylc- «L>jl in"i o ClLfll i n ft I (j *i t t J l-il ') n II jj-a 



.^Lj ^| t-i"l*>L> 



V IU <dl ... Jl J^L ylc 5 j .V>'>« <J< it. II Sjjl^ll .'I lVs <<la.j-dl Jljill Ji 

tf] ^ «la.JJ Ji Cf^Jui j[ j m-% II ^ylfc <jj ^JJUJ ^Ul jjl^-aJL J..t.'i"l II I it's n\ 

(^JaiJI ^Lsjjtfl !>L*J jk_L«^ <^-a_i <c$>=^ if-a. (j-oj . dim , 1 1 Jj-L ^^it <jL£_« 

' ' < S ' _ 

j^kaJI ^LijjVI t_S (jaAi IjJ .LoLaj L,W a Ua.j^ V jJo <La.jjJJ <jV < U t i^ilL 

** .Mi 3 ° * 

LaLaJj j> ■> uUJ Ij-Aj <ju3j-ajl (jX. Jj-S I 'i t 0"~i^ <l ft t- n j 

Uac l'.'.< r^,. j^J| JjUII I'.'jj* » ^Lfl <<3jiaJI .i_jLjjVI 1 J i n ,_ilU" a 

Jl LJ <^£J : ( _ r kaJI ^Lij^VI magnitude jas <J jj_o 

ftj^j Jjl^o (jfc JjJiJI <ij3u> oliol jij (<LALaJjL) ^ykaJI ^LidjVLi J^aJI <ja 
iijJUo JjAJ iSM«JI <5j C?-A CjIJj (jj^J (j^ 't'">JJ • J^J <ljjdaJi 

lililj j ji m <Lci (jJI tjAilxu <jja.j_<JI <jjlj jjj .dJ mil (j-o i^jJu j <U'< o 

dJj (_jJh Lfjj jij 111^ II J ja. j J alaJl (^1 <iklJI i-ij^ r7-7 JijiJI 6J jl jJI 

JjiaJI i-i^-*^ I ''.'l f tpj II Ij-* ^Laojl a-)^->,' Ujjt Ijlj .<Lji S jjj I4J ^^jJI 

SjJLj (SjjjJI in ft^ <-aj3 ~> " <Lx^.jj> <Jlj (j^J .<J-a- j-aJI illaJI 6J4J j^a. jjjl 

(j^^J V I a l*i 0 I fil n't <SjJ n a <La-j-o Ci mil Lj-j^f lAIajs ^ a j a 1—^ 1 ^j- 1 1 

^M^JI tj (_J jjl La . JA "> n ^ > J-° JjJs - < _ j JLj«JI in 11$ _ Cjj-^s ^1 i a 1 * I 

Spj m ? I ( _ f kaJI ^UjiVI t> 




C5>^J 'fj ■■, ? H 4liaj ^jjj ^LiJI ^UjS^U oJJ^I jka&lt 




La£ 7-7 J< .t, II Sjj^JI ...nil i^J^JI <JljJI ^ jj££UI IVi<n. 

<> udc _ superposing ^1 ^^aUI jJkxa^JI _ ^ i^ji: c/lj*; L^t 
jjj^ _ superposing ^1 <jjijJI jJk^JI _ j-a^. «■>/'*' oLio L^-iT 

.1 L".t i L«-a ^ a j j^lj-oVI 6J-A (jLfi <ij^ iti II ^9 j i i n ^Ji I o^j .IjJ a a 

j^.1 £>l£-a ^1 ^yi I > I o i^t i (_^*4>j <<ui*iJI <-j^^3-qJI <JIjJI Sjjj ^jj-I L*ljj 

<Lt^.j^> <L>ikjjJI Jljjil cj^IjjJI IdA Jia ^.a mJ .LajI^cI j LaIjJ **j-S ^jI 1i" 

>j ..^ l H ^UajVI <LajJ5 qc JL^ Lajic. j .wavepacket ^1 <-ojj jl _ 
j> tall jj^o j £l L$jl J^LII 1 I • « <J£_iiJI Sjjl jJI d I'i'C jj> <JIj <d 

I'inj ni^ I (j! ^1 -^-J- 0 Jj^ hi" 1 Cil/il'l ml ^pJI iiA.j-oJI JljJoVI-J 4 Ti n o II 

* . ' g « 5 « 

.i_iLuj^I tius ■ Jlali LaJxa LaLal <<lLo LJaa LcLsjjl U^j^ ^-ua^alaJI 

iia.j-JI <GJIjJ jjj^J-uii <<h-> I ^1 |<j maJI (jjl Uj <^IL lis^c Ijl 

^J^a g-l *m" i iiLj jjl^ I n'l >1 <-lj 4 in 4 « i.i II (jjj's'l i nj <lj^ j-9j"i hi n Sjjj Cjlj 4 I >'i m 
(^y-J-^ Jj 1 ~~ ^ * I U ^ I "* ' 7~ J 0 I "*•» '1 <t Lj-J m II » -J -■• It 

oLwjjJI <^a <"'> jji. jo*J Jl ilj^l Lliic. <^J j >n )\ <jQ~\\t, jjlL sharpness 

t - * * * * 

Llxu La£ <rt 

4_i*iK al ^ i I" |vj II ^3j-aJ iSjJjJI <JjJ_aJI ^1 < U i .A ILj <_jLjjVI liA-a 



^1 LiLi .All <j-o j-a£JI 4JLJ .oil jj» cjLjjVI Ioj-o .^^JaiJI <£.Ujj| JjiaJLl 

CajI (2>j! (_^J[ tijJU djl jt <i_j-Alj C*j) (jfl (_jJ[ i— S_>Xj V jjSLJ <A^.^jj i_SjJLj 

(jjjj j ij ijl,*^ i nil (jjj j m-y j^-lc ^Ij-oVI ^- a jj ^ J() t " LjJ^Lujj 

d . w1V.ll CjLtu-LuaJI CjL«-..i (_>^*J JflJJ <jV ^'nj h.M£J1 iflj'iKj-JI j_a iiJVI 
J^j j, \ ~> yJ&it d-Lu' <jlc- ijlyZ J^^-l '1 " *'.' .' <J»jl>ll <J jjJj 

(jJI till i < i, II j^jlc 5 jj^aJI ^Jjjj (2)1 £-i jjj (>aj i LljlVi -j ujl ^jJI jl mjl l (j-a Ji-tu^fl 
S^ojn'sll iflj'tKjnll <ljiu (£.111 Lo jjSJ .LpC^-ui Jjl>JJ (jl J 'Ji-^VI 

I •» •»< gj <dJj J-suaJj <5JjjLJJ j-JI illjJI 4i.L_-= ^IJ <a.U-j ^>aJ <V j1 

iSLLa . ; t '> ! *\ LJ II ^y£. j » *' ' Ijj ui <JjLs_a <Li I *i* > La i I 'i "i tjJi-a Jl . ...I 

LJ J[ j l ....I I ^ tUlill Lp2lLj (3 J -~all iUi^-,. <3LLJI) tLil!i Sjj^JI 

jjl >dl —II JjL ^^it (j _> <m II jjJI jl mjll JjI>1j <j^j-=»J1 LjJLiUa ^Li <(jj^jJl 

(^j's \ iii <GL> £-SjjJI I *>*>^ o tj . JjI^J-oJI ,_jjj^ijJI j_a Jj^ljJj SjJjjjaJI <L^jjaJI iSUoJI 

» 

<LiLa. j-a-ll <L)ljJ1 6 j-A (Ji-o (jl .(j i n i II (^Jl jl im II (j-o _> « i<i t (_y-=»- j-a J^jJo "La. j ft 1 1 
.8-7 nil! jjj.ft.nll lilt (j^> AjjjJ jj,t" ui (LoLqj aJJ^o 4jK <iUa ->j m-s I 

Ji^ y^k Jij^ S^>LJ ija.^. <JIJ ,.1*11 JiAjl .8-7 Jiid! 
<i*IS <5Up I4J (jj£j IjJ ((jiiVI isiJI yJt ijjl^J JjtaJ 
j j n i *> jpwaij <L^.^a)I .(jjAjJI aUkjLj 

SjljI^IaII i|£_>aJI iaLkJI LjuIi; Jjli. IIaj 'ij^fJI 




<L-i.J-oJl <JljJI iflj^ (j£. Lo ^(j-ii <i>»-o ^jjl ia-La-J (>i-i <iiUj Asu 
OdJI J illlAj ^ I fljlf liLiaJI uj^a-j (^1 iSjj,!,^ II <_Lil]l .(>o>ll J-o 
jj 1/1" I *i '1^ n \ .j\ 1 111^ 11 <t_i K II tsUoJI j_o Lijjla I *'" ■ JJ , .A 4*t".* d . j » II 

itj-uij <gLj (iiJLt tsLLJIJ 1.1 > dlj -> ~ n II |\j ni-Ti JJ ^ j " II <JlaJlj 




<<i3>J! ^Miio ^jj^Z 8-7 JiiJI ^ i^Jt JUWI IJu . (11) (9-7 JSLSdl) 




Jjji-«j (j^jJ! £-» <u^>JI JljoJI cjiiiij .|j*jJL 4^.jaJ( Jlj-Jl iiiUJ J;*!*! .9-7 JSjiJ 
olj iia. jaJI yUU :6-7 J< .Ml ollia. ^J! jjllilj! ^.ijj^ Ju£ ^! j32l U jU. oil .t^UlUn ^Jt 
^jSjaJl iilkll .iU i-^ jjJI <JbJI ,> ^1 ic^yuLi ^.iiin ((J^Ji iJUJI LS jaJI iiLUf 

^bUl Lifjj ji) la, i .AIL 5^>iJI ilLL 

jii -o-*^ 1 ^-j^" i-° jj^J' l*- 1 ! J J JL e f- 1 c " ' ? '• ■'> '" ^) 

^^ll ^/ tfl (jjJ "ULa. Lr lt ^^ija LfJu>« ui-' '^.'»J»" > II f_fi\ (»i i^jU^'i 



<jt (^I .jj n_) II ^ dJjj '<J-»- J-a-ll Jl jJoVI j .^51 jrl j-a!iU (jj^J <Lc.j_lu 
e-I I j ' ° II LoLa-J J » a* I a-l*Lo I aj II ^jJI jl m-J II (j-e ^jl in"" Sj^LJI 

ii^aJLJI «UajjJI Lfjl^^AJ A ^jlll ^Lma-VI JjaLil LaXUi lj<ft J ,.,^JI 

^ jj| ^LJI ( t| ^Jl ^ iiia-JI CiIjjLUI <jJa_cu <j£. Sjj^aJ oLLLJI - 

■ "■ J CiLa. J ft"t II (jlj r4 I -t J_a i-OJJ .LAI, n i l i*Jj1 4 *1 \ ft j J -^.^1 (jl l*l_l I n t _ 

.^Ij^V i-iilj^ ^ I fl-tk 1, 1 



<j llijj i_&t Ijjj_i Ls}l"Jj 1 cjIjjujJI <j^ I jja ^ j-aiJI i.'l/iKiftll 

(j^j'i'J .cjLaMlkVI a 1a ^yi jiilLI ^1 cJ jJI (jL*. 15 j <^L> ..,^l£Jl dj'tKjoll 

— •*■ > 

<JuAj Jjj^a 4j If. (jVjjVI-J 6 Jj-La SJ < _^kJI (jlj <jj m-i" ^-3-flV1 i'II mil (jl 

V <j| ^^Jo < <j * j 7- II <-a 111 II .5 jj -a- II "t^j^a. i i\ i >V (j t~ ftJ>-La (jLj_a^_» "LiJjJa (jlj 

^jj's." I n 1*1 r< LaLaj tillij n-l I mil ^pfljja cH-* 4-aj^LaJI d ' 7- J " II Jlj-iJJ V[ ft.ni ) 

LaJj -J^jJI ^ji^a <jfJ <LojM-JI ^l^aVI (_yk. 6 jj^jsIa Jji-lus 

«L K II LfljiiUa fLi (j-aj <Sj>* 1 1 £j£ j^JI "iLkll <Ua. j^JI <UIaII (_>iijij (jl^ 
jjl 1. uj jlll ljj» ^yi SJ^aJJ (j^-aJ <(j! j^U'i mi LjjLi <(<tLlj <laKJI <iLkll (jV) 

ijS «quantized illSu> Sj^kJI <SUo (j| <(5>k'i s jLjajj ■ LJai <ii*_a ciliLL dlLai 

:<^>Lc <l ?» i~i j 6 1a .^10-7 ■ " j fil 111 n jjajlaj V tiCxIaiuLa a »a ' L^lc jjJU <j| 

liLi^Lj <u». ^lil ^Ul n <;i llg ^energy quantization iiLLJI «<" (j| 

<JldJI (j^a^j (j| a.jJl mm (_jlll L-iitajLaJlj < jJ>JuJjj_>ii ijjlji-aj d 7 j" '' jJtl <(jjl"i mm tlj 
<ij_>iaJI ^-A 6j-A .p 1 1 ii-n II <Ui Jj^J (jt jia-i (5III f-LAiil LbLoj Ltu^La " i-> jaJI 
Jajj-iiJI)) (j-a-uiJ Laj jjjjj Jj_i ~Jjl_-_e (jjs L-lT "jLLJI fl*s" I (j J S J^-LJ ^^jJI 

.^IkklJ boundary conditions ««tlJI 




jjjlJlaJ l_> A! < r, 1 1 j £ - -jl .... II ^ ■ Li i ililjjJI oUI U llj lijjLaJI i «U < n II ^iL; ^^iil 

jjl^ ^4liVt ft 11^ ^jaVI J 'L^J i m-^ II J i m " 4 ttU'l n II Ou^La LoJhl.1^.1 I^UA^p 

4 .» o< a II JiLLJl qLj'i ...^ Il-j Jjl ijiiVI Jpjio^JI jjl;M j <l.i<_i L^i ^-j * II oliLLJI 
iSLLJI ^,1 .(Sxw n Li^j^ ilLv Lr fi IaJ) Lj .AIL Sjj^-a isLkj ^^jUj 

Jljjii ejJ^J <jt '"^ <l u<njj 4 iiUJl ^tpJ 

<U^1aJ1 SJjiJL. Jlxlj I J .(5-7 J£ .V. U <j^.^aJ1 4JUI Jlu 

(j-A L^_> in n II 5 J i^, jJI <Uja.j-cJ) Jlj^JLi /^jlj-ajlA <L>jjis j^j-S Cuj d-1 



(j's o i < \ -\ J-a-ll JljjJI ^ I o ~\ * t~» fl < * I II (jj-^ i_i t in tj ■ al t— ■» *.l 

< 9 I" o <LiUo (JjLSj 4 i -t j-a <Jlj (j^J 'I ° ' I 111 L$ J I in i*l I i n*i tt-Ajj) i<-»i 

(jj >"i Jjjj . <L> Qjo i no CiliUaJI jj-o -LlLs (jAa-±JI (jt iJJj (j-it uJJjjj <iLfi (I-AjjX. 

«4jL^.jJ» <jjj J uaj ' lSJI J^a I «UV. - | n l in tjj-^ L$-> ^J) ft m o II CjLSUaJI 6 j-A <jl 

<l£. ■i v^*'. ■■■ ^ jJI) jj jlJI j <dli^L ojG h d^. h x jjjlJI i^lill JjUI 

0.5 j^Jt JJ_>jJI (j^f <(ji>jVI U mi ^^JX. Jj-a-J-o <J-^Jj 4-1 J-^ (_>"'j^ 

Jj*^ a i Vj <l>la jiito L^-i ^-j n i no II <3UaJI CjLwp mo (^J^J J n~il <ll (jLfi I jj <JJJ-A 

11- juui . (12) j^ ? -> a <c£j fj^ io -34 x 3 ^jL^ <ai ji hy±>\ <u£ 

.LgJ <iil jaII <a^. jaII JIjjJI j olSLLJI *1a u n» i j^.jj <7 

eljjJI jjJI^ (^l j-jJI J J ■» 'l Lijl (j<aj LLjJ .<M ftj o II 4 o m II (jVI dl-Aj 

jl tlj^JI CjLa->3^?- ^ <— *-* '" ' <CjLiLtaJI <j-a (^bl. ft -i ^-jk.jl " i iii <Gl . ^-a.jl * t 1 

<ij J-aJI 5-ojjJI (jj's'l m 4 J U S II <Tj j_aJI 5JI jJI ^LS IjJ .jjU* II j J -t o «Ljj iiiA 
4-ojj-ll 6 j-A J< H ^ < ~> .A ^a-oJI .>ll~< JljjJI (j-o j ■ •< JJX. ^1 J-a <J£_ci_oJI 
< Ll uitj (_yul^iJ1 ^jjij I o.l'if <X.j_lu ^ I r Li dj ~> "< <i_S^Jo ^Jl i_fl_)Ja jj-o o*i*l 
llAj _ dJj > j iAl .LaLaj ^JjJSllI (_jiil^lll J^U (^kjtlll ^ ^jljj 

jG ^yiil^iJl (j^_>S J«iSL-a - £-^.jGJI JJjj (ji _ <LjI mVI <UaSl|| ^ A< ^"' 

JI i^i4'i l SjLiC (_JjJI La-a injJI JJ taJ i A I Lj ^ jL^j _ i_S^Jo ^1 i—SjJa jj- 0 

<-ojj <^j^. (5JJ V CuLS <^^.jljJ LujI ^ JJ&Lio Loj'll 4 IjJ .A o n'soll <iUaJI CjL» JJ 

L jj-!l iSUaJI CjLi mol Sj i til .1 o 6jJ i<-l <6JJjj (Luajl C^J-> '"'*') < ~^ 8 «l ' ^ jji 

.5 j itil i n f\j o's'i I I JJbl mi" C*jt_fl <^_^l SjLaAjj > Lj uoJ-J ul^ILSI J_ilj)JLi 

LoJ-icj t<\ o o*S o I I 4 " a l t- i Cil-Jj" m n «(J_usLaJI Cj1_> o*S 1 1 (^JJl j> ~> i A o jJk ^1 jjjl 
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PJl*^ (12) 
.^IS/jlo g=9.81 ^Vl ^ 



\ 



jjjl x h 




iLUJI iu.jJI JljJij JjVI <JJUI <3IUI 

l+J ^Ul S^^JI JIjaJI J 

Sjjl^ll UUJI L^jaJI 

J^JI ^ 6 V .(5-7 JLill 

Jl j Jl jc UjKil jii 4_,.uli; jlSil 
.laii «LIUJI dliLLJl ii^j^JI 



111 nil ^jj^ -1 L*'^**' j_>^-> 4 ' ^ °" II cJjl 1 11 II 'ji 'l <JjL»_o ^.a 4j1 i ) U 




*'l >■ II j_l,mi ft" Lfi iiu ^ 4 * K £_J-^ua j n 1 I j_tu iliia '1 J-Ll 

1 i ,.. •> , „ j .probability JUi=J <^K VI ^j-aiJI 



4jLc La-il idJj <4 .A ol i II J <Lc jlj-aJI «i n K II i_i3l J-Cj CiM J i^-i4ll 

jjj! LiLi <<3_>jLaJI .^JLaJI Lfj J!LL> j^l <Sj^JL!L jI^JLj Laji «1j_o-aVI 

* (I ? * J ~" "' J J* ^ '"J <U*^I ~" LftLuj^l ^jjJI «Li.aSLl <i ll Cil 111 a AC (jJI Sj jaJI 
<_iijj_aJI » i iAIjaII)) <jLj£ tilljjl OJJjJ jjjj mlfljl iAIjaII j-o JAC j-o 

«" « j I- ; LLLllJI ,Al j-JI ^1 <«ontological ijj^a.jJIj epistemological 

g \ J-J jj Jjji Vj <Li J Ci ml ^ I .J jJI 4 <ji-> C)L ml "ll-JJ iijJ«-cJI 

<_a_L£ j^l jl OjJ-5 IjJ 4 in I j "i" ^1 ( _ r jLIi^.!iLo ^-i J n l'i m l ( _ f -ljLj 

.I'UYs I >1j lAljX)) 

^ J ./i ill ljj» ^ Sjjl^l iiiLuJI SjLJI j| -iSJ^ ik^Xo Jjl 

i. » 

>( ya j"<H .'l.'.K. Jl Jl nnj ml ^ i Q "i< Ijl La i_S^*jJ <-JI Lo J£ 

jJb <Gjjjl La (j^J <<j iAiLjjJIj 5"t II Ci^l j j" II CjjjL=k. jj-ijLs < J-xLJLij 

jj^J^IAJI <j i i, j| .Jj, 8t n Ja. ^1 ^lj-lil J±L*> if^J <{JL»_aJI i j . t il i o 

La-Ajj ^ -j -< H .'K'.Kj -> II ^1 iii n II ^^jj-aVI jLuaiiVI (j-o 4j n IL 

M ■ "' I »**■«• I ' a ■■■ I a ^-ej a*S II ijl > 'il *S i o II jJjljj . £^j_i-o_j-aJI Ij-A Jl QJLJ mV 

|j|j J II |j_A <j_o ^t i'i Lo ^j-msjji j-4 lj-4j -<-l^ lj-4 4j*t»_i LaX: Jlj_iijjlj 

Ji ^ ^ o . 

ti.l'i's n >^a > "^j II .*! '*'l^ » »ll 4 i ml mVI p^jgjLvaJLj Cta n I! AS (j^^" m a <L\jk ■'■ aa ^jj 

jjLfi ^jlj ■■■Vl Cjjj-S Ijl Lol fCiLjl hi -> ^1 fl^^V a II ( ]j t ft || A j j 

(_>xjL>JI (ji^ l _f-& u i iii II i— flj < "t iii i'I 'i^ I tljj'i's jljjj (jJ <dl nil ml ,j-Lt iiLjj-ii 

^ * " t 

J_u3lLII Ij^J ^x-jill jjl^isdl ^jjjojj JjLa.Ltuj <<_>LujVI I j ■ a ^JLcLlu <Vj1 

l^JJ-i - ^J-j-£»_}-aJI pLjI |> (j *i ft i A ^a - (jjjLJI ^yd j m^j .a (j t II U t in l"l 

|>J in^ jJ5 Jjh i_Sj-*j V Lj^ LoJ <GI ^'nm <jjJLtil I J n (j 8 ^j-o w i ^jLijjVI loxo (jl 
.<GJLaJ <t_uaJ5Li ii^A-o (JJ-^ Lu! j Tiojj (jji <ia.lj jl ^ ^JaaJI <LtLijjl j 
f-LjjjiJI ^Liij ^yic LLjj jil .!*>"( il 9*il cLa-tli <(jj\3u£.\ ^ <L5 Jh «LajLAlnJI <jj^JI 
(jic j ^jJLslJI I1& ^ <£>aJ; ( _ y jJI jJI olia.VI £-« iiJVI J ^_.<_. ..ak II 
jjj-JI iJVij ^laj jl jJUJI ^ pLx^iUJ J_oKJI i i ,^jJI jL, jLajVI 



ljj-a 4 -i < - a jo's II I'K'tKjftll ij Lo (jU .4k~» I j£ LffcLkljlj Lfl-»Ja j-o 

■* „ 
^j-i JajJue < jj"' " 111 II (jj*»l ft <UV J-J i 8 jJI (^1 <£_BjJLll lj_A JiLo jl <t_jt_iJjjVI 

i'Ij'Kj n lli . j ^ \ II LL* ^ylt .<Jol mi. <t>U; J |JLaJI j .overcomplete J l »< I I 

JjjjJa jx ^JLaJI <_uuljj jjjj jlj'-^VI I 'i j I r .jLilLkVI I I r J I Hjoj ^j-qj «*s ,11 

(£>\ n i m-a II oLxLaj-ll i^-i^jio jx ^ II i II < mljj j; i i j (CjI o i i ii -> II £_3l ' 

jx In 9 i j*iL£JI J\ <6j^ £-3 J_a jx JaJLfi ^iL£JI I Li I f. (jj **tj <(_J_>Jk.1 SjLuljj 

<^JLaJI LiLua jJ I i ml ml Ua " t_iLjjVI t-lJ-o jj^» <Cil jJLi Lr la_JI 1 .LgxLfijjl 

Sjj hi II jJh (j^i-J <?lr>l m i J£_» <^JLxJLi :<jJaLk <jjjl'5*>ll I 'ill r ijZ (jjaj <CV 

.Lfj I "i" i H j <ajJil)l pLjJjiJI I'm If. I() .A jij ^jllt 

Jl nr~\ ml ^ r J*i uij i_jI_ijjVI Ij-i-a (jl .Ijjh I 1 ~> ^y-S SjJajk (j t i n *i j 

j-OiiJI llK JU^.,,1 LUjU Ijlj .^Li^iVI ^j^JI <xJ ijJUII j_£*J 

J_a Ul mi (jji^JI dill jl U 1 mm Lafi j <<UliiSlJI P-Ljjfill Jjlij Lo^) J-2>-l j (jt (_y.fi 

LjJjLx Ijl Lll ' * LaJ^Lo LoLaj <gxj^ J^j o^j-*-" ^'^.n <^L^jjLxa 

*» ■■■«*' ^ jjjj-ll-A (jX. C$ J_>->J • «LjL»LJI j <-ij I K'tVI pj**^ I ^ 6 J^.lj < \ n-y ^y^a 

11 jjus ^ Lll sj V jJLaJ J;S- ....^ j i Til I <jj <JjL2JI ^jxjJU (jl <("»U-.!>U 

j j iii 4" II .1 ( _ r lc jL^ <_^jJI J-f-S <<JJj J— oj .((«t J Ul (_5JX.J _y_A ct»j -> 

jtiLii <jaj1SjJ( cLjjjill u l ,jx ^Uill ■ a i!uSL> <j1 j.* u_iL_j; jVI IaiaJ ^_i^> i^II 

CiLcLidjVLi :j ,Al -> 1 1 Jl n*^ II ^ ilLA-a <i>*-a (_(-!! JUajp 1 1 



ajolrl _5 jJI ^ a nilill i_fl2 j-JI j-o mij <_>LjjVI IjjjJ jj mi" II lj-4 jl 

Ij-Aj principle of coplementarity ^.LnJI ^ oij^ ^ 1927 ^Lc jjj >Li 

F_£jLlA jlj'n I W.JameS jn n \-\ ^LJj t_iLi^ (j-o < m |"><I jjj jl jJjj lln 10 ft 

< jjj jj'i'sll Jlo <Ji^ j .The principle of psychology 0 ., i.v.ll jJx 

(_JI jJalll <JjJj Jpljia J j _yix (jfi'ij <t 'i'sI Jj K I -> iAI j u hj I 1j irtll !"'() a 
(jj_i U I ^ 'i jl jjJ <<l! j-iJ jl i a i<-ij jl i " -> I I "> j I r i ' "> J <{kJLaJI 



(_>uiij «jf 1 <T.-^VI j-ji*Jj i_ijYI ^j-S <jAj-o Jl nil ml jjj JjLv AS J .i_iL-ajYI 

I4J <3}lc V CjLij^ (j-fi AijiU" < J-milj <Lu m'lll tjj_> l$_> i.SU i-^I ^-lll iij^LJI 

jjj ta_i_<J £_J jij jJ» <_£ jJI iaLjjVI (jJI (jjU'i'i ui l.j'i'S I 4dj_a.ll I IfJ 

Copenhagen j-cl p 'i j j . .. a ~ ^j-i j-» <t-j__ tj_>_« 

j j .«L-_iUj p-LIj ^ j^j j> d J ^jJI (^-o jo--.ll .'L'iK i oil interpretation 

JJJ J J O-o l_A3lj-JI <j-o -f j ml J-A 

j ^ *' d (j a j j_A (_^jJlj <i_iL-3jVI 1«iJ-o <L-a_uj|j_t I j o *S j lu 4j (_jjJI ^1 J J II 1jj-o 
( _ r lJI pi luLiILII g-il-ij Sjj) ■ «•» 4 e> I ([ *i i J a -» j_u_iLlc ( _ f -jJl OuoJaJJ ((<jj_uaj» 

I flLj (j-A CjI i ill j 5 II .<j*?J uiM-vJI *^jL-<JI J m' luU jLfl-a. mL (^j-L-* 

1 1 1 t _>-uJ Silil ill ooJk j if, <Gjjj j_uu V C-jjj-i J-Cj < < » j _i In II jjJx. 5 J_l -» jJI 

IjLi lj_L*j .1 j 5j 5 6jl_px.L <l±J[ ^L-llI < Ly -5-iJj«l"_i » ^-Sjj 

,Mla 

j Ijl <JjLLoJLj j-o C)l"i IU innt j-M_CJI i-U (J-vj jjaic <((jjjj_vj| ^L>*-l 

j-a juAaJ-l <Mlo) «(>.> U corpuscular <u II oU -J II a ^-> <l Jjl-f?>- 

<JLl Jl n*~ ml jjjjx. liU uj ml j n II {jjal i (<x&\j£. JJji <^-. J-! ^j-Lc (jj^j-Dl Jj_-£>J 
j_aJI Ct\ J uaLa II ^-JJ J_-_s jJLlI I j I'v o j <JV J J-a-J V J la-* a-j ■■• ^ II 

^yS Qjlf> tjl " I al S-» a (j I* o mi II jj^ <J_-.lj (jl I 4" K 4 . /> 11^ 

iaJjU <Lijio Jj-i-o ^-aj n*S II d t 'il *S j n II 0£ 4_>V t^jjjjjt-A _>iaj <^-a>J «(_)iil-uiVI 
3 1 » c-^j-ii (^1 jx. jiljIJI <Q_Loy <2jjJa (_H;jJj < < a I" ^ n II <_imj ■%">!! jL_e»jVI (jjJ 
tjji\ (j *> i j£> (jK iii (j-o (jxe j"i I o II A m iVsll JLa-^jj <L> .^U'i 1 Ltviij " uaJI j_iljJLi 

■S„w^ jJI <5uS_JI ^ jL_o jVIj olhtM-JI <r^j"''° 

(jojLisJLfl iSII <jJaC I ()jlf j^j ') 1 1 1 (_-lJI (j£. I (j *t » J-t j ' ... a" ^ o hi j| 

j J 1 1 1 Lf -S j> ml -» 4jl .j^-o J-aiLII i'Ij \Kj n II ^j-i j_i 111 4" 1 1 <<_i ml nil <L-i_ij-o jjfc 

.iSj-LJI 1 8 mi's ^Lill jLfJ-a. jjJ ^^Ic j_> .118" II lift jl dJj <( jfcl (j 

J * 0 

Jjj_-_t »> LrJ i) «ULs <( ^o j^.111 iHj'-Kjnll «_j j-jJ- ^111 jj mi'll LI (j_CJ 



■I 



*^ \\ \ 11 ^li mil jV^-A ^)La IjJ c<G1j-AI in nj 4Jilj J 'Ti (j-ij ilAjLa *1jj*k| Lijlc JjJ*"' • 

.Sjjj^ <UaaL u h->_i SdALLaJlj J i Till ^ j^a.^JI interface 



^.t i f i a~ 1 _ <jjf£j,a £j\ A mJI j*'*^ I i£ I - t_i » i<-»t ^J^-> ^ La (j-ll (J '«*»'» Lj-Aj 

' j ° 

jJi <£.LlciI t ^yl JjlSLaVI j-li ^ iril jaJI Li ui i't cJjLa. jU .jj-ojj^JI JuKjftll 
<lLa, 1 fljjl 1 (J JL JJJ _jj Li i->l« < J < ( jj-Al_ > jjl iiLiJ (^La. ^1 Lit ■< mi il 'i ft 11 

(Lr lll!l J_uaUl (jJI ^iill jj_>jj }li rtLa. Lata. Jjllu La IjLi ^jS 

.114 jJ^Jl (jililll (jJc laliu V J^n-.a]l ^ 

,4 . \t< . a ( 1 4_t u-vl ^_nj ,_jijL»_5 4 4 1 ft <* (jj <-LaLc p i -> 1 U i/*v.,n . j _a 

<Laj_aX. (jrj^aJl Ij-A ^ n mj j .t^ijZ-^ ^J-**- 0 I < ] ' ir, J^ 

«^^a-«» jtJk^a-Jl 11* ^yj-yj (jS-aj (jil ^pointer reading «j_ij>J1 s»1 ji» 

d U -v M jl »<LiJ»ij_a < itil hi j_j.Lt ju-*-clJ! JJ_s»JI J^La jjLkjJI £_lJ j ^Ukj 
ti_i_a iisji ^ Lc j^jjJlJI " a j! <Lijljl I () l n in" <JU»j-S j! <*"-*JJ jj-Lc. <r.j,,kl n n 

1 i 1 fl a-j ^LlLII ii( ^>1j <j1 Lf-Lt j, j »" i j-^j -j j^ '» ""» <J-=>*ta 

Jjl (jjJ <il>l_al^u 5d£. JljJa L j »jj o Jji.L^jjj^ j J nifl" Jj? ^-aj .<U I f I a ; ' j 

^jjjk^j .<GjJI LuJLc Xala o joe. ■» <jjja!) j^j jjJ i_>) m-t ^j-lt tllo ft l Cx^t 

***** # ** - 

»* 

^Lii, JL^. ^ o>HI - j — detector Li-iL^ LjjjJ ^1 ^ jli'J 

jjj_>j5jyi ^Jf- » 11 Jt ^ 1 1 <Llitj La^ (1 ^ » tj^> i^j^ 3 il^ I ***\) pi i A all 
^j^JVI .la'.ii ,^1 <5lxLJI ^ l c ii .iK LlLLjI liLs .uLAiJI ^ 



Jjk II Uj^-> '-' ' ^ 'J P ^jit Jj '^*^ II VI n"~il ^j^^fli <l 0 it J_aa,_4^ 

I m i'i i iiij <lj )i n-i ^a.j-aJI JjlaJl (Jj^f '-■ J^l Jl *M-»VI (jjSjj <Ij-ij£ ^^j-aJI 
J£ Sa^lj Sj-o <Mj-o^ j i I Pj-uaJI jjjfi, lllj Jl ft""> L «Ua.jjJI <UljJI J-jj-o 



j 1 1 *' C ua j-a L$ _S , a itil £ 11 Q tVi LaAj-C j_uajkVI f. j-loJI j o" ml I jlj 

> < mi's JjlSj .£_Sj-a-l1 liLlj ^j-fl Jj^a. J-o j>_> maJI jjl i'I mi II J-J-fJ V La-» i-JjJ-i 

<ljj .dl_j_ft (jj_>lijyl Jl n"i->l J»ii eijJ-i Li2 

* * * ^ & 

Sjjj *i *" I I o « ... ^5 (^j-C. ■*•■ " 4 j j-aJl 5JI jjl jjLfi <Lal_aj ^_3l51j *h h i 4 

da ,—jm iiLu. j_qJ| "JljJI j ill" II I j-4 ^ n mm .i 4 itiKII jjx. <J»_uaj~ue «L5jj uu 

collapse of i^^aJI ~JUI jL^-il '^jjlii jLfa. JLut", ...L »l uai", ...Ml 
OjJI cjjl^-il <~_i"l j-a pI >*.L ^jjil j_Jl jj^j Llai LaJ$ j .the wavefunction 

J ^ \~\ 11 jjl B J (_^j-ll j-£J-aJI Sfrlj-i J-jL^f JJ-a a £-S j-o A \ -\ j-a-ll 

j_4 <4'ij* n iilaii ^ <JljJI jL^il ._m mm <j! IjjJkUa jJjj ^ jjl <^U»l!l 
^-ijJ^jjoW I ■ a » a II j '(j^-l j j * ■'■°**' <jj£j^JI t i <-i II j (_gj^^yai\ j fl a a II 
(j! "JjLLII jJiill «>([ a.j jJ-lcj <LlAj] <<G| .J i^i^jJIj <l II (j-iJ <ia-iljJI ^ 

^ ^ii ...II J ,„l uilJI ^jjo j .determinism ^laiaJI ( _ $ j L L ^j-a^JI >l<_. ^ H 

I'lj'iKjnll ^ J^.j jkJt ^yJt qJj I a a. <Loj ( j[ jl <J ij" mnllj j -^>l^ H 

"La. j^JI <JloJI jjl tj-C. j Ui i II ^ ]n\\ <CjI . . ■ I _> "5 U LIjI ^a.1 JjJ lilJjj <Lr Ji j n< II 

Jl n~ ~> I m-\ jjo 4j loJ o in*i 

4 I o r j I Uj a.Llu jl () < i i j> *i » o ^^-i j * ^jj La-a a 4 U " j A *• ■ jjj A 

Sao yii JoJ ^Ij^t ^Lx-iyi (.'Ki~.ll) J^^ o.^VI .^La-iV 1 



12- JSLjJI) <la.j <2±jz ■o^i^ (> -UjU Skill SJLa. JjLfi i^j^SJI •.!<_.. H 
ilia LfjJLa. + La. ttfjla. = £kl// £/U 




<&JjL <>o SjJLiJLsJI <_^a. j_oJ Jl jjjl 4_lll£ m J .Skill oVLa. L^-ili 

.dUj J-n. * j (j^o^lo I'l ml ,j^J <Sj^Lua 

,^yk I 'i tl "> *i j ^ jJI ^JLlI J^ J-tJ j_& v_^Ij-j L^_iLa oVLaJI j ^jl 

J <«Wi lu Li£ Ijl Lu JaUU SJ9 V J j^-ee ^ '(j^j-^-l 1 d_.jK_i«ll 

.«!<1a-£> <Ui\\» <jt J «!«U^. ikiJI» (jl UjLLo j^^JI 4-sjTJ1 Lr lt «LJLl «Lka.}L> 
Jjj ^'m JjJ i«Gj-o ^.1 <U^. <kill Cjjlfi Ijl Lo i 8 itrK'i ( ( _3jjj_usJI jtJIij I nil -> j 
•Oj"'-'? J"^' i>> ^ jl 6^4 ^JJ. Skill Sjjs.jjJI SJIjJI (jU f^jLscJI 

Jj» f jjwij-uaJI £jij Ji Jjjj J_A "iSkilJ SjJi. J-oJI SJIjJI jl^-iJ Skij c^l JJut jj^J 

<tj»% » ji jj ^ j^ill i.'lj'tKjall lijjjLJI sifj oVLaJI _>i*j <a»'j->*JI J-^i (13) 

jiljj VI i'U If .< a_i«J ij-aS jjiLlj jjJI J^ajlU a o'jLi£. JjiUjj ^ ■ I'll in itl jill ^ 



1 n J *i f dLljj < J) -> V Cut j LJ _a 4 i "il "i H (j-ja f-j-^ J » -J J-A \ \ j^i II ^Ji_S J^Lik 

<dx-L> La J£ ?<lu> Lpl <LUI ( _ f la S<jj-o ^1 A Ijl La LJjSfc J-N km 

.CjVLsJI ijwl^. C»VI aJLaJ jju 1 1 JX.IjJLll J— jjk j-aiLII t'lj'iKj ft II 

(j-ojjiUI .'Ij'iKj oil jl jJjjj <*L>jiJI LKa, 
LJLt jL^ j <Ijj^ LoLalil Lo-lJI al* (jjLLijjl ^jl iiS j .44JVI » a j> I ml ml 
lj_* jjj a i J-Sj lj_A .((JjjJL» . • « I ■ *i 4JJI» (JLj J-o-qJI 4_t<oljJLtl jj^-j La 

i jLa. ^5! Lc I ■ J ■ I a" La J ' 4 i 1 i in II \,.\ 1 n jl 4" h^^La-i I i *»l .iLiLLjVI 

'j^JjJ lis ^5 «Lil L> *'* ' Ij-Aj ji ' II ^-5^aJ ^jL^e i - fl i .-13] ^(j^ ol C ^ ' * m | La^Loj 

jl "i -> " jl jl t<jULJ 111 II ^ (j-a „\j j" in"j 4_j. \j I i" II f-Lj^iiJI jl " "> "i jl LeLi 

.On mil j-o djjtil jkJC jju j_SJj j ^-o j^nII ,'L'.I<. Jl 

<Lll *S ~> (_jJ^- (J-ldJLJ fJj^.1 Ljj fl" I J^-l I ftfl o Laj)(j 8 n ^.jij jl j*s n n II j_a 

(jJt jLlll (J^' La J \ri .1 (jjlf jLjJI JjJJtj <<kUI Ljji a n m" V < j-ijjj Jj-ii 

■^^<ut,tu ^ J ,»i ,^ j x <ia3 jl (j ■s II <L)La. jLs <dij i /ill JjLvll <t Us II 

«Loj I jj f^l mil ^ LaS ^1 j nil H jL^aJI (j.ii'l <L-uu! jj ? i^il iojJI jJI (jJJoJ 

■ < 1 i II ^4 CiJIj La Ljj| jl <c| ,34-11 4 i<-)l i/ijJI (Jj^j (jL-> *Lijl in"l n Ci V I n~ -t I 

:^.LLkjJI <JLa. Cia-J-Lol <La <li.j^ (_y^J 

<JLaJI (jjfc aJJkj^ (Qaill Ciikj <LuaLuajJI (jj^ Ladle (Zj mlj n cdJj JJd j 

Loilc jl <<jj_a iki LlLojJ IxAj ^clj^JI LuaLua^JI OjL^ Ijl ^ j U II . 

Il4j <(<kaJ JaS <JLiJI ^ ojjk CijL^ «L5jjjJ| cJljLa LaLo jJI (jjii 

' C. ■' ' f-^ 1 -^' (jP f<daill SLi^. ^yit l^-al^ i 



it*// 



.p^^jUI jnl i Lij^ J-iJJ JJ - ?<_i<aLuOj ,jj <Iaj! oj-ii ^jlnr (Jj*^ ' i iS - ■ .j . II J_i^»L». (14) 

ijS-Aj i^oL^JI jj^jJI Jl n«"i nib j .<^oLuajD 4la. jaJI <LIIjJI ^ 4 l-°ll iLi. _j_JI illjJI 

.<Ua.j^> <Jlj iui i<ki X LuaLusj •?«_' »H; ■ ij --^H J^sL^. iitjS 



ILJLII LUU. I $ j i o>SLj entangled state t l n DLa. ^,-Lc. JUl» 11a 

ij-i i~i *l^ Ijl ■ I n~\ -> ^j-ij^fll tftia J .^.1 -^-jtl j 
lis j_i mil jj* Lo (jiJ .jkl laj H ^"l II -k fjjLl I J ijjjjjl jAljjJI jljT jnt ,t £-3 

JjkjJ 11* ■ ( jj"i4l"- : >, nil (jj*tll"> H <jfJ ^ j-n^ll J^-ljlll <Jt_u« Vjl £-lL*ll 

*>a. jjl IJu (jl^ Lttjj .decoherence .LJjiJI .iillill <A+1\ z 

.^yajVI j r/^ ill (_j-»>« (j-S ^-lALLaJI frLLlV ^ 1 iii JJ Lo JjjLujj r< Mij l 'ml l ^ya 

* * * * 

LjJiJIj ^jl <C»ljjJ1 Cilj JjJjjJ /jjo <Jj£o l^-il .VjAio lj.tT^ J I 01 i h - ^ <Jaill Q mil 

( 2 t iLkljJI ^^jlJUJI <j1 .oljjJI ol* £-21 >J oaSaIII <*JL <JIj ^ <JU^.yi iia. j-JI 

(iklll 4 iA ,oj X 4~m o <kS j «4jJ5ajJI ^-S 4 iol ir>j X ita. <k3) jkUilll jj-i 

it jjluJ J LaLaj ^ t'itl'i-s n jj-iAijjJaj j » *l > J Jj-i iljLa-oJ Li-Sj (J-O-N A-0 ^jljjii"" 

<ilH-o <jjjJI <JbilJ <_i-s jaII OjJI ii-<" <<jjlUI jjj J^Li. j .<LJLc 
jjjlJIaJI Jjklj^JI LlK Jjjj jj-Llc j .ixaJI Ikil! ^1 <JUI j>t LiK 

u II a I LsjjJL LiSljj (j.i ilj <<ia> <dal ji <t"i i n <Ut Lol „w,'i j Lujj^ I i'iK t n 
JxiUI ^^oill .Jj'.Kj^II cw^u Ja 'Ui^ ^1 ilLJ) ^ Lo 

^ U II LLsLcJ Lo_A j (<Ij a*)~» II j 4j\ \ mil Jjljii jjl (jJj J*K I I ^ LHjj^>Jj < 7> 

* i * i - * 

6Xu3 <\ooLaJI 4 -» II (jjij Lojjfi. < i ^-.1 -t j j i<UlSJ Ij^. JLc J^oj jjS < j» (j i. H j 

< *j a j II «_o <LflJLaJLo Cil i "~iL>j (jjii ^jl Jj-o Vjj jjS mil jJij <( j 7> LjIj 

t * -9 * 

jAC. i ^oj n's II d t'iKj nil ^jl 6jLLo JjjLLijjl <LoA2 ^I_>15I n n Jji. jjj j5 j 

Sjl-o-o ol-o ... J .hidden variables Z j 4 a c.1 ^j-i-o o 1 ! ^ '>■■» « j <^L; 

Ij^jS j .L^jIuj JJJJ (diJj J-o (I (j I (Lie Sj"" ni n ^iaJ&Sjl C»l o i nn II 

J-oIjGJI jjl .iJLlA aj^gJi JI n"i-^L> j II jA <ixl «L^o j) II <LjJajJI OcUalxul 
il (j II n"~tl 4ijjLo Jj^_o ^o <jJIj^> <t-v lIIj J^ijaH J »Ti1l j <«Uia_oJI oljaJLLcJI 



.^-o j-aill I'lj'tKjnll 1 (J _» 1 r j». jSj 

rf g 

J. Bell (1990-1928) Jj ^ j> «L>*ja. u 1 ^ ub «cP^ulj -K-^ 

Ciil£ <_,lll OUa*JJ frq j-aUl >M/iKj.all (jaJ UjUJ ^ jjl j^J <1964 

■ p m-» tj L>5l fl j <J[ hi aJI J-a. (j^ n n II ^j- 0 <jL-S (j-°J i<LiAa n Cil j j a " ft n <ATi 
L^llj jjX. i_fl I" " £_e J-a£JI i'Ij'iK I « II Cil^^jjj ,j\ Jj Ci-ijI <La.j <_j-Lcj 

La jjfc ^ .^j/.H (jAa^l jfij-ajl .lOCal ijA-iisj^JI ?j j-^ nil oIjjJlLoJI CiLjikj 

<^LLa jjilxi <til :<uk 4_o-J Jjj 

Bell's theorem Jj ii* ( _ r »±i Vj lia mlk dMiaV lj»j>U UlkLa jjjj 
Lia j-j •■■^ djJ •■• I oji »-^2>»j <non-local <Lj» .o j-o^UI ?_>4> ^ll ol j^-H. JI 

<-«-^>>*J-o 6 jj-a-a <_a-ui ^^.L. 
(jJk <J jill Jj <jjt jj-a ^jl j£ s- t ^_iii J£ Jii* ni'i Vl Ljj ale <U.aj <i*C II 5jjIaiJI 

* - o - - 

^yij .6JJJI aJI t_jjLaJ»JI (J-a 4 I ml uj Lg j Lftjl ~»l (^J-^ < > j"'' 

.^^j (_jl (jjJ 4 <» iAijaII <LxL^-aJI dlj,j, a ,j, n j| 
JLOj I ojC JJVI ^j-Lc «liL. LIU ^ j o<:il ,'lj'Kj n II JS. I jl ,1 j^Jl j 

many- SjjjlLoJ! ^Jl jjJI jj mi" ^ 4 1 mlLa j-ji. ?j * <J cu U r.t ^ jJI jjk 
V ,t. Jl| jj-o Lo ,u ^jJI <-Li-aLt gij mi ^lij iWorlds interpretation 

^^L, j>» JJJ^JI diajj .dMjjl^JI CjI ^ J <4j~« mi jLa-j mil jjU-i 

H. Everitt (1982- c^jjij jl* >a I ■-VI JU-a ^ oljVjjJI 
S^iiJI cd£ .1957 fJLc lnjlr J (^Ul 6lj>l^jJI ilLuaj dJjj .1930) 
J (j.* « j^j Lfj-o «-(^ j-i (jt-^^ 'Cjjjj^I ^Ij^jJI (_y.fi LyJkLlo Sj-j llj <<La-jj i<i II 



CjLka.!iLdl j «<LLiLiJI ^MiLlI)) (jja JJX. ^jj ji J .(jjjLIII jl-fl-a. £-0 f J ... ^ It 
A y 51 "i > t jji'i j I nj i CtJj-ijl <Ul_na j ^ jjl (jJ—ujVI Ij-A (j-Lt (j J < I * o J_Ii 

^iot <jl ^ m in II jj II (_j.lt OJjaj l _ f jJI <J-LflJt (jl 

- - J * * va ^ 

<(<p- j <ilu <<Ia1^JI /dUall c ^Lti j""'^ - <Lx^.jjiS\ <UIjJLi L$j*. ja*j Lf ll1 
<Ui Li iaJi) <Ljl jlaJI jJI jaJI ^ Alio j-it jjr. ^1 jJbJI jU mm Ja^'ll 11a (j£J 

.iJLaJI jj i<-»"i (_jj^»_ij (jijLlJi (_£jj»*j 1 « II til! jj (^A i ->. <UaJ jjjvl J <4*i > « <da-S 

jiJLaJI <j-a Lc_>i jl ">-%.j i_x5lj-<JI j^Loj ^LjJLJl jLf^ Jx.Lij jjLi <<_^jLk j 

ijjl JJ-aJI ^JIjJlJI j-o Jjljl* j »^ i A jji <Loj IjJ (j»JLxJI jt-i in" <U3lj-o Jfi .4jljjlJ 
LaJ (__>^J <l J I i ii Si jj i«~i" i LXduaJI j-a .4 <!"■•> o CjIjLi ii ,n J VI 1 j 1 4 Ci^il hi 

^Jx. jj Ii* jjikLj (jiAill jjAaji <J . *J I jj-aliil A Ij i , i j (_>"_iJ jjijJI <jl^ 

(jl£ Ijl La jl_LLa.V <LLjjJaJ J>a.j V (jl <Jj ilAjjjJ Lfl}Lk_» .JjaJI J^_o 

cuis Uj .i^xi ^j^a. SjjJj <J>?^ pI 'im '" L» <>-al . . ■<"» mi VL ^Ixaiilo JixJI 

.JAJ jijj j»J Lj-iLi <j-v~i'i t (jl cjJjIj-oJI (j-o i_ill->" ii* <JjJaJjJI 
,1 ...1 Jj< /» . V <Cl LjjjfcUa jJLU A I nil nil Aj's 8 (jjj j_l J I *IJ If 

<^jj< M.jj-^LJI f.1 ii.-^VI ^^.Lc. 1 1 a±A2 jJLljjjj_i <JjI_»_o (jl LajLLo 

(jjlvj (jl I'l'ilr. (j_ij»jj IjJ <SjfLaJl t>iJi ^jli Sj*>" mi nil oljj i ii 4" II (jjujj j« 1 1^ 

<SjJjLi aJI |»JI jjJI jj mi 4"i I (j j 'i » "> ( _ 4 _ZlJi ^ n m II iSjj JiaJ> LoJlIc jj^JI J-JL 

5 JJ » " n CjIj i iii j" II 6Jjk CjjL^ lj| Lo dJ (j-lJJ (jl (j-a i_» I I n" Lojjx. tlljjj 

<i jut ua (jSfl (jj 1 \ i\ jjj^iLjjj a II j% ,lo » ,n (jLj Jjill Jj-»JI (j-o (jl (jJalj -j»-ll>*-ll 

4jjL«_a J UjLLa ,^1 <5jjj-i-dl fJlj-xJI jj ...i'l vanilla version }LjjLL!l 

(jjl j £j\ laJ |t uUJ t _ f _ZlJI CjI (j *S 'l IL jjjij j> (j \ n iiS (jiJ <<LLoLl jjljjj jjji 
j-^ »l ((<> J ol <ti II jl'i iJjj-iSi 4_)JJI) (jlj . j i mi II j_jJ^ Ci tj i«*>l (_f^llj 

.aJJJU-aJI j»JI^*J1 j t mill uui J i^fll jjba iim ^ i A j ^J^^ Cat^ pi 9jU" lll (j^ J^-»^ (^^) 



Cil » ft "< II ^ I fc J j t-ij La I ') r Lo ia. ^1 <U»_ uaJI <J jJjjLlu! V ^-aj ft *S II 

I 1 1M A. " i ii j_aj| I j_4 j .j_^uL)Ja Sj (j ^1 I j 10 iii'i (j-J-!l idlj-l-LI hi _j_^LoJI 

<-ij i Lts tjjj J7j!Loj Jjl (j-°J n*S II .<! ''-I^ > />ll Jj *^ n , i i j l£ jj i/*»ll (j-aj il-ka. 

.^UklJI ^ Sj jj». j_o-!l oljjJI JJ-C. jLjjl £-0 'LfjJI Jj ~> " J <jl LJ JLa. jt <^J^=«.l 

<jj j< ,,.jj<l ^11 -I ...~VI J jj* Laiai ^51 jjl j 

>iU <<LLuijj < j-A i «j faolll <j1 u-S jJLJ I *t *i*S I :<Uj_iU"ill g-Ljjall £_a a ^ m'lj 

.CjI jUI (>a JJJ^ JJC (_,-!£• (JJ^JI ^Jft'vll dj'tKtftll 



Jl n">-^VLfl .Lfrj^K mftj I j -s jl " 't jjJJ jlVt'Jj <«4 I ft ! mi l j-*-ijJ J_>-"j 5 jk'i (\>iJjJ 
(j-aj ft*C II i'I i'iK i ft II J <L> jj-!u«_j j <^j^La CiLAj^jI *>_> i ii II U hi ii Jjl Lll dl^Lj (_JjJI 

jj-a J^-a »l V I ■ J> . a" ... > I a j ^jJLi <GI j i j i j~> ft CjIj i i "i n ! Jj^. j Vj 'f^ 

tjA f > jj < ^ " IxA j .4 i r. j-aJI OjJI jl i (j *il ,jlj lj_4 .tljl o i in II (j-o JJ-C ^1 
J <|_o 4 fl i j l-> i ' La ' j^*' *JJ ' " ^ 4 I ftl mi <UjL»_a (jV ft <^>fcl j *' j ' ■■■ fl " I 

jl i() "iVI I j *i n i A (j-o <4_i_^.^_c <JljJ uiJ">" ^jJI Cilj » » "i II £ i (jt <J jj in ft (jjSj 

if 

<JjjJLll AdJ» JJa ^ <1 >'i< ftj i-Sj's j .^LJ jLi^u ^ iJjL_i ^jJI ^^LbJI 
jjj \ ual I j t^jaj ft5vll LtLjl^ i-aJ1 jLU| ft iA j i ft" II J j N i n i U-l a" ^ VI 

S^vuLill <uLc 

^-ajxUI ^jiL^II JiljlJI pLiJI ^ decoherence i^l jHI ^L^i ^1 

(_jjJI jJjjLdl ^yjjLLlI jj* Lal^jJI J^. <jt SjJL (j^-jj <>"ij ft II j <U^JI UU<1I (jjj 

.aJl. LlLS Ijlj 

Sjjj ^yic 5j8~t hi ft S_>£ (j-a k_iJj-a ^jljj (J^jLjJs jl j Jj ' <J t i n , Jl U ui 1*1 1 
(j-^jl-A Cf^^-l LT^i ^^"< Sji-Ll <Ut_SJ i_< ■» lAl ,jl .(jjjjj (jjj 4-S_il j j >J 

CulS I jl Lo ^l"'»~ ...Vl 1 *■ '-^ -■ » (SjSJI L^-lII ■ Jfcjj •■■ jjjJI I" <alj - i j /Jj .j". .11 

jj» jL^JI .(13-7 J^JI) jLm^JI J 6L=^L, ^ S II Sj^jJI 




.<-i-aj ft^ll «Uj iajJI ^^xjLkJaJI d 1$ ui " I 5 j * i a a Sjj_lo Ji-a-j (_£ j-ll «Sj£ jJI ^ .A .1 3~7 in II 

fjiifl** i ^gj iii ill ^i^JI Lajau i <(jjj!uJI (^)j_i LiLftjj < fr > i *y ill j "> u IjN^j iii d K" ~* i a^^j ^jl. 

Ja«. J-a_>J tyill) UjA. J-o illK"l-tVI jjli Ijl Ol A»j ajjl jjjJI Lii^Ji Lf lJI ^l j_JI JJ£ 

^1J| ^ j.-. ... s .(^.jJI bars ia^AjLj <jJl jLij ^jJI j rdecoherence _>UI 



oVI ^ t n-t I «l > ml luVI a j-i fLoJI A o i ii 11 j_A <<t 9 i a -> II fSJ^jJJ |\ -» ii-ih 

^jjJI ^« nit !ji (j£*J <<ji.jJI LjjjJ CjjijJ Ijlj .olj^jil ol n-^ imp I (| Kj I^Lill 
f\ ua-a ^ ikUli IjJ .«£LaJI <LUI» ^ '> flj 11 ^ajJI J <<(<i"_i a II <LL3JI» (^j_utJI 
leu i nn ^yxt j ^jiljjj^ji <lk5 ^jfj lil^aJiJI till (iljjLuj '.A i<il i<-> jJI _ £-5j^li 

< JjLL«JI <La. ^Jl ^yic (jJtVI J^>J ^j-aij~i.j m ^gj ..i_ill jj-j-11 ,_yJ| Jj_LuVI j-aj 

JK'i-vVl Ijjji jjli ^1 .Lis iJLJI dJj (_j-aj .iijaJI {J ic {5 <■ JixiiVI (jJI j ja3 

dliLa.Vli I^J .4jjJI ^ «Uil to ^1 JxA jr.mlin l^Ji <S_£JI iSUa 

(jVI LljjJ -(J-J-a j,^^ jl j •> II ^S^ -0 Q^*^ 8 (jjs I ojj «La_>jj 6j^JI j -» ) 

J^jj Jx.U" II jjb j fdK'^VI <ln ...I iiLlj^ J-?-?- ^ j <J.a.«JJ JjU t^Li jl (j 



iijlji^JI 5 _>£JLj ^Ulli ^LiUI jLfa. <JLa. <jM '^Wj • < ^ j ' j - 0 ^-^V* 
^u^aJI <_,_> jlii! .device ready jL$_aJI Jjt" J ilLJI & 1a ^ « mj j fS j_>_JI 

_ jLlujJI dj r> *> IJ ili^ljj ^jJi *-H-a- <_-* "LK'-J- 0 4 * iii^ I jl j -> 11 'a _J-JI 

< I o nil in Lo I j-A j - (j J O.JI (_jJ[j - jl "IJ II ^j-H J J iii j I rtj m-^ < J fl l i l' l in La liAj 
: ( _ y Jl i.S mi's II _jjLa. Jji ^.Uklll <JL_ jjj^J - (jj-ofJI JJ^J I nj "i? 

(jjjjjJI ^-S <LjJ <_i^Ijj S^Jl (_) "5*1 \"t i , A nil £ II p j iii II in j of-a.J 

lla. £_> j_lu .kil jj Ja. ieai -.'IK'^yi 21 1 jj <j_jJI_> <kjSj^s 5 j£JI <_o_» LoJ (j_J 

^ SjfDI '^SljJI _(-*■* :l nfl iaj Ja.l_j _;t <GjJI -ka.!}lj _Jj <_)j"H a II ^jjlfJ 

o 0 ' * s 

■ (j U idiiS ^j-ljJLi. gjJI I nil ml (J— a. i_l£l_pJLs _ (j i a i II ^9 j' jl null 

jlJI ^Jl jJI ^ S j^i. S^JI oil^ I j| Uclc JIJ-loJI jjk I jjk JI^jLo 

oj-Aj .^j jj^JoJI (j-a (J k ^j -^j""il ijjIjILo J iSjjjJI <LoJi iijJ <j jl j" " 

•C^J^- 1 Oj J IjLa-Lo (.yuLiJj Ida. j^Hua. uiiiiKll £jl JjiU (^>^t 

Lfjlj <l o"*ij i ^c. LoLaj ?l in iLo Ci iiij I Sj^JI ^^JLa. 4_i! ^ 1,1 'i'i Vl I 'ij I r <c jVI j 
<Sjl nil! SjLoJI CiL) jjjiJI (jjx^j i<_ijl j^JI CjLj-Ij^JI Cil aj i^j <CjI jl ji^^U <* 

jj'i't in")j <S_)iJI I j al ...I -y i ^ 1 1I -.1 a i . ,. -. II » l > . ^ " I «r.i>j . La j i c j 
UK ^1 ^j^JI j jm , , .1 ^1 ^ai-uJI jLaJl (jli i^j^t jt ^ ^1 l$4o^~£ 
(S^ if* UJ^~! C} U^-i C5^-" ^ * i^j -JI t_ilj. li i A VIj «J-».Ij JL____L _>. j"> j •> I I 



J-a. < U Sj i Til 1 ft j^*-^* 1^1 > -> .(j_ljj_±JI (j-a In 4 4 J jjJI L^_i I ' d " *' " 

J* ^ 

I jl ([ 7» <jj£>J jjl Sjjj-na ^j-A (^LxLlI jl 0 I 4 j ml i n VI 4, n i n Jl Ct "'J I <ljJ 



<5 j-il a*>a el i nil I fl 8 i ta_frJ Cil «ii;i^ II j ^-Ij^o^l ^yS j t*s SjJI i— &A jj' i.i 1 1 <V jl 

liiLa <cil ,n_t iii-^.II <jJj Ljj^i IjLs .£5_>a>.yi ol ft m i j p mi" jjl L^Lo JSJ d>^; 

Li luajI jk^Ii LiiLa <£-l j-oVI 4i_L l^SLa .1^* ur* jj*^ N-j l"> r.. i*>1 jljli 

jrlj-oVI <:1Ij..> i=^^3 ^pJI oLcUiiVI ^ ^ {y>j <<jj*jjJI JljJaVI ^ jSlalki 

(j1 Lj j-i 1\ -t. " i j t ml j.<iVI j J^K'll ,jx. ^LljjVI Ijajo jjJLjj .,Jjjjj jj <ja^Lxj 

V j .^LfljjVl) "La-j-o a '""^ J >J "*> "i i J-i.ljjj ^£_3j^JI) iii 4 j i^ La. JjJlsJS 
(j-o ■ U « II (jjJJS J -^1 LijJ ■*■ I jl j> II » 1 1 ^ n"^> U > loJ i 8 i<-» j j* _Q Jj ^S n i 

«lj i^A mi LflJ CjLjjjj^ Id "mo in" (j-it LiSijI ( _ r lll) CjI ftj ma II oL-uaLi. (j| 

jl <<ji <Ulc jjlaiJI J alaj ^jjl ^jKoJI iijJLx Jj-o < \j IL <S1jlLJI <j nl wjjl 
pi k^^LaJI i ta I iA il Jj) 1 > II i_< i ^i" j .Lj-i ^<Jj i ^1 J fi"-s > icj_tiJI jm'i 

^l_>j«_j| JJLo <Jj^I aLS_iJI ^ ( ^_aj n *s II d_i iKj ft II j^j-us ^1 LljjQ ^jjJI 

^ a * 

\ * Mil ^jl i tdj^L) ^ *' ' ° I j n n II <L2UaJI CjLi iii o J J-^ JJ tpl fl ' -"^ II 

^1 .4 \ \ m~i1I jlj-oJI CiljjJI JLa-^ (j-jl't im'ijI L^-oji La£ j (JjjujVI j- ■-•^ II 

- ^1 in-^VI pi i loUj j >TiH fJj jj^s j clgjjl^. jLa-jl - j i *>J Jjj-iSi <LL)ljL£ i til 



4 " 

<L»^iaj j-A ^-aj II i 'I i il *s > n II <jl ^^-S ifl m (j-a t-°J '^^J-^-* ^f"^ 6, \j Q j$ju 
^ . . . j< * II (3_i_> <-5>j~i lii a .11 JjJ ~> II (_j.fi Jj^a. j_o j II i'Ij *tl o II 

LilauaJi iijl mljill 4L_^i. ^1 jjjj <tS\ tdlj ^^LjlII) ^j^ujj^LJIj (cgj^ -> nil) 

t* "' - ~ 

Ij-A *b "~ ^ II Ij^o j J *■ jj Uul£ ^1 n~~>l J-A (_j_»j^JI ''Kj nil <jS ^J^i 

* i 

j^lijJI jialj ^li - <jjhjJI ^rLn c.»^" <_"_>-o l(j'i*sl «Lo ~Jk=».M_oJ <L5_kiaJI 

"JljJI jl j j *il ^ o in* 4 i A nix. 4jl nf I (j I ~> n (J^-J (jl J ~JjL»_o (jl 

■ >l . ".K . . II <_,_9 Q i*j JLa_o Jj^.j j_4 VI n" -J eIj niVI J-xj (jl Jjj .<j^>.j_aJI 

<J mill I "JLiljJI jIjVI (jtj <JljJi.VI f J"? __j-S ifi jJLjjJjjji "Jjljuo ^jJk 

TP 

d aj a <dilj J-oj . d\ ]rt -\ ^LaJI ^h^l ji i i i It I <xsl^ ^j) iA^-aJI <ojjJI jLk.J^ ^ya 

<* * ■ 

(jU (jl n *i iLfl Jj\ iti" <J jio (jl jJjjj .LaJaLi I Sj^sJI aj-A (jj) io.Hjj (_>uLj| 

<Jj-Lo ^Jk " ^ (j a |] 8-1 j»J 4jLi (LaLaj <j-o ^a£JI <J j k *i II SjJL-i <GUi j»-C j_i (j^ 

it 

.LoLaj 4 ~» ) ^« i r~i 



<^^l^JI d i ' •■•'■H Cta gj dJBj .4_^l^J1 A ■ i •■•*' II ^jl^ ^-*-» ^-jV < ai *i ^ ■ ■*•> j j ■'■ La^ ^Lj <Gl (16) 
P.DiraC illl jjj Jjj (^iJI i . .. ~m 11 ^-o j^ll .>lj •■!<_.. II l.j-.. ^lij j.<ll ..l.-.K..! ! , 

.(9 J^iJI) ^.■'■■•■IL. ^^Xll .iLil^l ^iij Q .1927 f U (1984-1902) 



8 j^&ji 




& ^ s 0 ** o $ 

litj) (jAjtjJI J^Sj La£ << uti'\\ jj-CJf LoOifi. Ls j-y »" n j»-L*JI j au Lo j || ^ 

jt_xa-juaJI <L*i j-o jj-i (jLmjyi £-<^J (j-S j» I » II al j1 (^ill Jjilt <<Uj-e C»jl£ 

.(jnft itjl Jj^i- JjJ-> <lj.>i '<"i jjLS ' J ^Jl I'llVil ilLj_>JjS Lai (Jjjill 

~ $ * * ' 

J-i ^o ( _ r l[ £^J^jj <jvJL»J1 j^j-o JJLj Cijl^ ( _ t -lll <Jn ft luJI CitjJ jJI illJj jj^j 

(_jj| < jjLJJ Lo ^-Lc o" i A il JJ-o ^ n ') ,J mi-> ijjLc 5j-=>-o ^pfl ^ .Ail jILa 

* " - f 

.£_»i»ljio 



(^Vxj Prometheus unbound ^ Shelley y-L-i >cL£JI Ujjjl ^1 I <_.tjJI SjLjjJI (1) 

.universe 



<<jj^j^JI Lu JajJk ^jJI <i_i3LvL«JI JVjVI Ij-A < J --all \ljb (JJjJ 

La OJi^J <<Ui La J5J I ml J5 ■"■*■ ifcj ((jj^JI i^Xa £t t i£u£l ^yjJI SjjjLuoJI <ULojVI 
Jjl Lll 3 2k ~ > '^J^ Jt<" ninl J ft"l -\ ft II J J n"> II .2i-> 'Ajlj <1 ll i/il <j| jjjj 

.^is^Lt V (_J ill JjI^j-oJI JVjVI I j-A U inj <jJI I i I i is jj Lu Jjjj^Li (jj^j 



LjjUaj] <uL j'i mi J ualll Ijjfc (ji Lol fJiijJI jaJ jlajj L£ <i3jl_uJI Jj i>iill ^ 

^JJ jk\*>i Lla Q < j» u-.ll jLiAlTioV tLJu! ^1 I a il ... u£ .^-jUJI ^1 

^jjj <pl ft , ,JI ^ j"ii n ^Ljj ^Jl jjVI j^a-J -_>^JI (j-i <J ft I M pL-il 

f J? d "l«" I *'*^ o * LaC (Jpl inVi j <j \i I'i'i u ^JLi ^1 

.i-il (jJ* jxLVI dlJj (ji <3JdJI ^^jii .I4J (jlijJI J-uaj (>a jL>ajJI £JJ 

ol mi" LtjJ ^jJ-ftl nijj 1 _LaJJI &l ft mil c _ f J^ J)j * I U" j Ijjlii <JjVI LLoLj] ^-a A ftlU 

ijjjJI aJJfe Q ~> 1 ual .^LaJ ^a.jLa. II » I ^jl n m p j-j-o LAj_l£. ^ In uU Jjli 

* ~ t * ~ ' t ' 

355-408) (E. of Cnidus Jujj) ■*<■ ^ J.,. m< jjj ^t-Sjl Laoit <!iLl5 Sic! o>^-L! 

* - 

v'->^-" O " ' "^J ^ lj[ La J>^- JJ>^ J'jLaj 

£±J\ ^Jl Lfc jljj <<UAaSa Calj^JI j ^f.l < L> u : AjliajU mijI j!Lo <<j! ^1 cCjU no II 

if 

qSj^iS JjLfl i^jn 1 ILL j) In 1 1 1 j V Liflj^j . jx^-i 1 (j t n ^jjZ^j L^— » *l " 1 *i o j) <A 

^Ul ^jLc^JI 



: t 5 >* 1, lt'I t^-^ 1 J?-^ 1 (> Je^ 1 **->**l (2) 

http//www-groups.dcs des-st.and.ac.uk/history/Mathemticians/Eudoxus.html. 



r^Sfl dJj j 2 - jVI (jJt JjIo <J ^ jJI «quintessence j^JI 

<_iL^-j ^ j *■ j II ^Jl Jjt'i 111 Lljl jl <jj-aJI j^l>i-ll I 'i 1 1 f ■_ 

dljjl ~H ^-a (3^J <Lo Aa. (_j4 <JjLa_uJI ol^JI .4 mil 'in II 

£ Jft? J ^ ^ J - Ke P'er (1630-1571) ^ ^Uji .UjUJ ^ 

.CjIjJuo J.I <JuAj j jl " l V Ifl^ft in <U-i5j <LSJ_i-a jj-S <Uls1 j ^ J-^ ill 

( ° **** £ 

j j i iii II -wLjl j .f^^-iL^-o ^JaJj J*S ill LfJ Slj_a I j ■» ft J ni l J i<jAa_o 

<JI ^ lijU &« J <cL*. Ijj ^aJI _ Sir W. Herschel (1822-1738) JAj^a 
<Gj_us ^Ijj j o j i "I «G^J < ji^jLA ^ nn II nij-aJI iijiJI ^ IjjjVI 

- George III tiJllll ^jj^ 'j^^L* 6-" c£>*-' h'^^ '" ^ <!_£^ 

■ ■ ■ jj-A j ^jll j~ a A t iii, i in <d ' II i— sVI Ctl * ft jj-o J iti^k i , a, mi i*nI jJs 

f Ljj -wLajl Jju Cj_>J^ <1 1 . £ " /> II d al ... /- II J '<jj j < 'i iii i_sVI d ~ ■•• LoC 

^jVI ^kjuj ^alaj <_jl£a (^J*. i-fl^jJI ijk. Oej J Lfl IjjL-a (j jj^UI I <jV V <Ji->l 
(J-a Qtij i<~i JjJI »A£.I lQ ni l (jV (j£J <frl ft mi l (_JI i_J _>il O^ n J n~ il |t j i i ' JJJ (jl J} 

j j)-=w <jjl i ft* ■* ^LuiV j*S I La 5 j^UI ^ya i*ll ft i jLua (_g jJI < JjJb jxLiJ j ,_LvS 

^ia iLliJI ^ jrj^a. ^LS .tilliJI fJjij G. Hale (1938-1868) J^a 

IjalaJi ^ niVI 1 04-1 J ir-ij-Jt ^.n m OS j < <J-aUJ ^_iLlll YerkeS ^^jjj 

> 1^1 ^jj> s £-a-a. «CiL» lij_^«-o ^jl^ jJI <C. Yerkes jlji ^-tuV 

4\l n 1, 1 (j j 1 1 1 -» "1 ^ <j-a Xalj .^lill ^j-uilJjj Jii <i-iLij »^£ K_i n i ^ jJjiJI 
^j^f pi iti'tl Jj-a JjLs <(jjj^Lla.l <Lj I of i_i i 111 1 mil <U jrj ^jl Jju <^ alLa aJI 

.(I^H_a i^xsJI ^lai jjl^) CiijJI liLlj refractive telescope J jJLa 

■ (j iiK*! 1 ! <_>ujJ ^ i.jj^^I Jj j fn . lt j CujLa J-ua_^a ^jjl Jjjfc Jilil <1904 j».Lc ^ j 

Jj^s i>JI ( _ r lc IjjLS y lqj <GLi <LI_>jJI ^1 cjLSuI 1A.1 <QiLi>L» <uT djjl j 



300000 (jjLuiZ <ic £jL LAc <<l*J\ ^ ej^JJI I jtUS_. ^pJI iiLajJI ^ <ji j-ukll *\ ..ill (3) 
9.54X1 0 11 tl.i_h.it "ij) _>JLojJj^ (jjj Ijjj jji-j (_;jl ui"i <_uj iA II j '■ ■■■ II ° IjJ ?4jljLj li j* -j l ■< 



£>J£.L-u <«L1jjJI jj-S J-4AJI (jjij ■ ^j^l ljj£, Lit JJLjj .Aall ^£ £_LLi ^jJI 

1.5) Lill 60 0 _>k3 reflecting telescope J_>Loj jjji. ^ l*^ 6,iJ 'j 

^Lc ilil^Ldl I jjk ^jj j5j <J. Hooker jZja u>?- 4 " "■! JLx.1 J^, L$_oj3 

J'> fJW j^ 1 cA» < 1918 

E. P. Hubble (1953-1889) JJj» J^jL ^4 J^a ^ 1919 f Lc 

ji <A't t (j1 _ <jl > I U" « (2)-° 1 <q_$jL3JI (^^-11 Jjj 4 Hi's! jl'i HiVI _ 

_ «L n 't II «Lij1 1 1 A II oLa lalll jAii jjc CjUI moll JjJ^'ii <l«r, JjL* !dj .<LjJ[ 

(^LS <jl (jjj<lall ojli. LJLL (^Ij - nebulae mil ^j^*JI ^pJl 

j^l Loaltj .<1^JUI ftIL qujJ SjjjlJI ^1 ma»VI l\l ^ i" ( _ y jJI olil m.oJI 

_ ^ » _ 

J*^ cuK yUl .(1921-1868) H. Leavitt cuSU 
jj-o (jj-»-o i-i ; > brightness * j>U ... ^ <i}Lc <;d=, ->V jJLs .j j-SjLa <jlK 
^_jj1 ^ ^J»j (_jjJlj <Cepheid variable ^ 0 m" ^1 _ Sjl i UJI ^j^-iJI 

.La^Ia^ period j^j _ spiral galaxies (£ljjj_LaJI) <\\ I ^iJI olj -s n II 
ojljjl I n K i <Llc a ^ "i II <Lil .no ^ If. ^jjj's I $ \\ < hi j 3j 45*UI ^jU mil L_ii^L*j 
jjjuLoJI » ^ *■ 11 jjj ji^aj ^jLs <j»j p 7- j H dimmness c>j4-> jbjl <<il mnll 

...I I '. *X « . ( JjjjiLiaJI <C ... I I *i ml 1 j ,)j ^ I L /. II «1 f j U , .. ^ ~> ILl ft mj 

6^ ^-Ky^ 6^ cjf-=>> :4 mi ftJ ft JjLa ^jLaj cul^ -Lie «t 1 a" ^^ill <il moll 

J-Aj t^J Mill 6jJk >J^| 

Ijj .iiSj^ <Lu. ^jjjfLa Lie jajlj .Andromeda ? I ml rnnll Sl^JI ^jj-uj 
.(jjsA S^a-o j^jJ^JI Ijfi 6^1 -llj>i-o ^jLi oj^f 6^ c5jjj-^' iy> 

ji "> (jl <l 8 J 1 11 <J ^2)-°^ Ll^ Leo LXjfi ^ ^ Ljjj ic*i"t 1 1 iljj^j 

<._i mi^> i j^JI I *t ol U*> j-o ll*i^o ^jl JaSl jjtl .JjIJj LilV jl 

Lajja_o ^jl ^jVI La— i-ilj ^1 (jil < ijLijJI i_ijJ i_*ll^a. J^.1 CxXXi '"* > a 

•tf>VI ol^JI JVI olio 



CjIj^-aJI &1a L^j »_>_>1L1 LS 2l Cj\-CjuuA\ Jjiu i-JLill JjI_A <-o-f-o £jj\£ 
<Mxo <,jl£ J^J .(jjill ixoLjjJ ( _ $ -Lc 6jjOJ (Lie JJLA4J jl Lio ££j^,VI 

<Ui jltajj jUL» I fl_M in 

1912 ^Lc I a .1 ... a al ,^."<l ^jja. Afii <&J-*- J J^k. J Lai Spl ft mil <LLL*_o CilL£ 

jx. <i o a I '■ II <olj n II (jl^j-fi (jf-s CjL^-LjjjVI (juLS jJLs .LijjjjL» jf\ m_t< J^a jj-o 

6 j^_a 41 _ Ij -y n 36 (jl i ° iSlI^I 1924 ^.Lc J J I }J <l d l^j a 

<Doppler effect ^Jjjj J>*-i-° j^jl J-qaj ■ J jSj .Lit jTi r< ciiL£ _ L$_lu jjj 

•K^aJLfl ffr^ i A ft II ^ I i ft II <LfLj^- (jt -> %l j II <<Lta.jjJI JljJaVI (_j-S j J * * II J-Aj 

* ' 1 * _ ^ -* . 

(jjill <l£.La. /I ^ LlAj ^ylJI <La, j-dl JjL Jfjli Lie SjjlIaaJI <£l>aJI Lai -<3jjJI 

ejjlij I « <cij i«ilLi (jl»~ > Laji i_i^JLo jj^/l I .Sj^'t II ^Jl J-l<u i ) VI 

.Lie 5 ' » " ' - ^ ^_jJ La-o (_j-L t 'l p ' "~ ' 1 fl a La ■ -~ (jLs <l *'j — *■ n Sjl i i ii 

6jjj J-"^) Ijj Jjj-i-J (jt (^j-Lc JutLuij jj i^i ft II i^_>-a. (jV >jVI lj-4 t ui'ijj 

.^1-8 J*? itill) (j«aJLj (je I o (jl jl <(j^j (j^ I o lAjlj oLa.jjJI ^peak 




d j -> " o ^ji ^i'h II <(^jJjJI J*? Mill 
LT*J •UJ J_ ° Jj^ LcU-il j, \ <(jil 



f j .«*> ljJI &L^jLi j > • o * *l cJj ~i t f ia ■■■jV* mi II 

(ij^ijj) Ijj>3 iJ _ui jl <Vj-U >--kji 

oL.}U. j^i jl 'JjjV j^-i C^ 1 ') f re Q uenc V 
j*- 1 «J-««ljJI ij-t b * " j o dj -> "i I Lj 

1-i-aljJI « l"'JJ <5^j^JI < i£>L^j-oJI 



H ' 9 0 * 

<lij£ flt «^>.J^J! J^aiaJI ^-L^VI Jjjl <J.t i fin II icj_uj Cljljjl L&Kj 

jljj>l l3Ls .dj^."tft,ll j> II «Uj mi'JI <Lc.j_lJI jja>j ^,1 ^La-L^M o"LiS *1 — I 

it"* * 
{jC JjLaj jj .^nll ^jLi tred Shift ^o-a-VI ^-L/^VI ^ ft uiJ La IjJ^o <4j*. j^JI J^la 

til j •> ">" (_j-f-S 'J ° "»t L^Ljjjl -> _» CjIj ft II ^i^>J,ft FJ-ua (jjj Ij-A .J n-ilj-ll 

.lit S-Ujj-o 

^jV.II ^1 J^aj: 1929-1923 jJjcVI ^ -^j <> JjLa u*aj 

J g ^ 

jj ni^ I J .^Q~ ^jJI <jl infill £-o LjJjJo i,i luLjjlj £^I^jJI <ICj_uj <jl ^-Aj t<J- A Jl c JI 

j-fA^j .LfA^l^j icj-uj Cjjijjl <Li£. Jju! S j oJI CuL^ 1 n K ^Llr. aJLaJl 

: jjfc oj^J u^LL* <i^M-oJI C^- 
<cLlu t jj-ilo 20 jin Sj^-o (jlj <4jljH1I ^ jj-ojLS 200 ^pL Lie 4*^.1 jl* 

. IiKaj <4jjIjJI ^ _>ia^aL£ 400 s-LV>j Lie <JCa.l_>Juo jjjj 4_l> j_ua 

<< a "'''II & j-A ■'■*' ' ' jii <4-oj5 j Jjl j") ">.'"''' (j-J-^j l)^'-* u' J-aj 

' * ' i ' * f ' 

iilj^a-ij d . Ul L ^ Se-^Lo ^ic. <( li t* ( 4 i mi* 6 j o (J-^J "J>»JI (j- 8 (1)' 

: ^ Ul in n jLkla q li m | _ f lc <Gjj a Sj»t» <Ji.lV> U-^W ^J? LT* J. 1 ^ ^ H 

^ A ^ ... a'. / 1 j I ijAu I (j t <-ii.\ i \ II ^ U 4 II CjJJLjjI jl U't nil ^ijjl I ft K i 

(jJI ^Ij-ojJLi Liwjx. Ijl LljV i<£j>a tiiLt j_li>lJI ll^J ^jl .(2-8 J, 5> AJ I) jjjJLTi 

i t j^a-i jjJI I () ukj-i <Lj,.\ 8 'i II ^ t~a II I j C ^ iAi'i'i < k -s I JjjJ ^j-a dJ ^Lfl <c-ljjJI 
.<j|jj <U (jl^ jJjj ^jj^JI (jl j^jjLJ Ijjfcj .5iU-> j < i nt' i ( jj!^JI y "^J J 

jj-fi ^ (j-? I— a 4_jV <(C*J (jLS <jt_Sj 5-C.jlj-aJI CjI ft K II OJjjl J-D 

^ a? ** ^ tf 

( J— lu_ijJI ^Jl <La.La ■ Lj|j ((jxi^ibajl ^liajJI ^ i^-il -> t j <LaLaj J^J-a 1-La.jJj n mj^JI 

<_j_)^i CijlUI \s§ I LJL^. <J j it n U d * .all .^jj^Jl ^j_e ^j3l ^^ajVI ^jl t^jlj in II Lijl n <^"i'i* mlj 

J («_iij-ui ii^ ^j-. I o (fjLu 1y) 22 kms 1 M1y 1 isj^i 'j-* j '71 = 7kms' Mpc 

.2.3X1 0 ,5 S 1 





I . a X jjJJ j i hi j .2-8 JSitill 

»JI s j5LII -I — j <i2uJI <j till I « i-sii 
i^iJU jl^JI . o^-ll frA^ J^j 

iLiX. aJjLLLjQ CjIj ■> ft 11 kllj ~» ")* _ < 1 m i j" ^ I I 



4_jj_aJi 4 i U a (Jl iy Lc LLSIj Ij-ksI j jLs 

:<LiC ijl'lH lJJ^V <J tt'lll » U j II t£jJ_LU 

uj-^-* ? " I I j-^b-J (O I" 1 '"j 



I'/i^nj <<ia.j-JI 60-4 ^^ia <tdlj j-aj c*5j (j-fl < ->_>"'< I I oia (ji 

tjj ibjaJ ili ^ <Gl£j '^"^ oi^JI ul <JjLsJI j II 5_>HII galli <£a-=J 

s - * 

<<jVl <UaXi ^1 5j JA-II I '"If uia-i (J ill 1— LuajJI I J4J 4 4 1" ~> o _>jsULo <Laj 

CjIj^-oJI (^_>j <Qjjjlio I '(j 7>J LajjLi < i J^a.V CiSj (j-S J-^VI (jAa-dl ^^-llj 
Cilj " II jjAji_> jjl jl (LoLaJi I a La ■ ^- jn 1 1 lj_6 <lX?^~^ £. "'J-' J^La. l-^ 

.La la. ^1 IjjJ^j I <L\j»LaJjL d - Ma-a <4,l uj mnjl Slj^JI - llo <Uj>5JI 

' * ' s J a 

j <5_ > ^jJJ peculiar motion <^ >a. .A jjJI» ^j^l ^ n j 
j ^ j 

j 1^ a" II I \\K « .j . ft II P-l i«-><! I j I » jX.j) n ri 4 i mjJLi ^j^Ji 'Kj^. 

'<jjjLaJI a l~ . ..Ij » ji-i« 1 I (j 1 At I _)JJJJ <pl 1 A < II j^jC Jj -a. " " L^-jLi ■_* , lj'^ ajl 

jjl (j*^ n i <^j^JI 6JJk ^)Li t^jAi » t I () <_>-ijJLjl Cj\j 7> n ILi J) 1 » "i 1 I o t tj 



<L^UJI <il uxJli _ Jji 10 dlj ,jl^ L«JJJ - <J-iLa-ll ai* 4*1^5 ^ji ji' ^Ul Oi jJI JiU. (5) 

.jILojlj^ 200 J~» H jljjj-tu (<i^^ Jj^^iLo ^j^.VI 1 ftAlj^l UJK_U ^ U J Bfc a ^j_U 

*<J 1 11 1 ni ft 11 Slj-oJlj tijLijJI ojjj t I ~» oil I Tif j n Ti a I (] * A 1 a iCjIj o II £ya I j t ^ IjOC (jl (^) 

• ^ J n ^ujL* L^ijjcj ftl ■ a a 1 1 ^fl ^ U fl't j ^ *' 1 * > -*lj a (^^^J\ aj it c CjIj ~% ^ J^o (J^ifl J^tJ 
**• * — * - « 

<<ui j_^> ,„ . 150 j~ j >1 -»H iLklo jjhj <Great Attractor - -l^- II ^jLaJI jj* 

iJ^ajj lliV ndliA (jJI Jj^ajU iLjla llij Jji'l m'l in .i\ ..in 'i <Jj^ (jjjjjjj i_jJl 50 JjL»J I J * l"*^J 



* * * * 

< >UIUn Sf^Lo (jl*! >>1 Vt Jjl"«t~a LttJlLa LoLaj <^j_jSJI ^—uj^lll ^Jc i 

^_>j ^sj^HS UaI^I ^^L^lla 

Lo j'" tjlU'i n t <LtoLa 4->J t'i jJai Cul^> (^3-llj <&l juajS (_ijjJI 4 .» / till j 

ajjl -\ n\\ <jjjLjJI ^ U 8 II I j to <_£^>1 LilLfi <l o \ \c v_LL> ^^jJI "LxlaJLlI CilL£ La-frAfl 

cosmological ( ^a. jJj o ... ^Jl Uj_aJI j-a^*. «i k ->^LJI .Lie j-^J^ii 
.jJLaJI IjfJ j-ual j Lal^a. JS.it.JI (ji.i'it jjjj ^JUJI ^ j^Jj <_$jJI ^principle 

■ <£J*S 5 j-a JjAJ JVjVli Ij^A j 

I j-j fl J-il-A (j^-> ^-1 .Lit J-oo J-o (__y.fi J-^'i jjl J-jlS (__Jjji-l i"i <UaJLj <Loj 
^-LjjVI JJ i ii 4" I *i o t .CjIja nil £-^JjJ <£.j_m (j (jl^ <Lil 6 4" LoLal 

illJjj <^-a lj" o j» «(!—«. «Lc.j_tu j^yit <JVj <jl_t jj-oj <jlj_aj (Jjjla-o <Lil_i joa 

I U , .1 \ 6J H I <^yc> Jjl jjl P j i^JLfi .Ll_a <t_Ljjill ^1 iii-^SU t-i 5 8 

La^ (CiijJI dlj dLa «_uj_4J j2 cJJ^' OJ^J •(J J J^° (j-oj JaS j 
a jJ^j-i (_jj-ll ' j a a VI ^-LiJpMJ ^ H j > in 3~ II (j| .OJJ-aJ d5 Pj) i A II 

change in scale ^uLia ^ jliil! 411 jjk «Ia2>. 5ju*JI j <jj>£JI ^Lui^.VI 
.<L>i i a mm^I (j^jJI CiijJIj p. j-lAJI <ui jiLO ill CiSjJI (j-ij J ill (jjill 

p j i A II (jl (jjjtJ I j^-S <La J^Lt Jj«-flJ ^a^.VI (_y=>.j-aJI JjJaJI J^'j-jl IjLi I jJ 

<La. jl Lajli. <Gl 4jjL1LluI <l_iiij Lfllj -IjJ^ UJ^J' (j^ L^''*» c ' <lLa.j Ijj 

<Liit jj» La^i ji_ua! <iuL»i (__jL$ Lajlc La^ (jj^' C^J^ <<i l i n fl JI LIaLaIII 

•6^1 



II 6 jj» jjl 5 j jjjl I ')_> I r , (JIjuLjj .Sjla^-j iiaij <K ^jj-o-II jLlLaJI yt£ 

JjAaJi (j^oJ <(_>xjLujVI lift (jitj .I4J pJjJJ Oia. <3 VI I Vl'CI <&±$ CtSj 

H. Jl^l L^i aUoj^I (jllaJl JlS 4>« big bang .ijk»ll jL^iiVI ^IL ^JUJI 
j;^LJ jSj .1950 14 e*^je J 1 ^ lt» H °V le (2001-1915) 
steady-state 5 j«~ ilUJI <j>tj J 'as <gV < <7> <j UVm.ft ^Jk^oJI Jj>a 
yLo^JI V SjUU < U ,.,^lJI iiUiUI J UjLLo ^1$ ojUU theory 

Xja* , ,, a II d II ^ II IijU'i Jj it nil _ (jJ^JI £_mjlJ l_SjjJuJI Jj- XjJ I Jj[ .j n"i in o 

* ~ . , _ * 

' " - s 

Cjjl^ Ll <5jLJI <j-a <-a)}UI ^jjLLJI (jLi <<j_lu (^jjXj 10 pI .A 4 II 

I j^ujJ SjLJI jla. ID .ol jlll D jj j-IjjIaJI pI uoiJI stress jl $.■>! 
.<5LLJI U-l »^ (^iU (jc Llau jiu r- 1 aj II aJ jj fa priori «LaLsj 

J-j. W"i ^ K in r, • "1 a "_• LJ £ ljY\ .11 ft II <JLaJI <Jjlaj ,JI La^Io JjjJ» yl^ 

jj^i ^^la. jjb ^ jJI « Jlj-oJI ^l < ■>! -> II I iA_i1 ^ • "I - .j-J!u jlJI ^jb 
<Jj_ujVI ^ iiK' 5^ -ft-ll-*-!! jIjj jl Jf5 Loj ^IaIaJI ijj^jil SjUil 

>1> * i ^il <ljjji.j-a LajL ^JLsJI £j1 i_»> mil jL$J (jl ^j-S (jiiLLJI 

lya pi « I » I I 4-C.I in" ml ji^l «l i l l mi II J_lu^Llu jjLi <Loj-aX.j .<LljIj_i <jJI jLa-J 

,<UijVI Jjotji! jkflJ jLa-o 

H. Bondi t^^JJ JLzjjlA A^IjI ^ill <QJ^JJ 5jS" m nil <JLaJI ^J^> yl 
s * * 

1 948 jj-aLc (j j j ft I f . cjfla>j ,j-a tjMij isia. jJx. <T. Gold jJji. ^uLo jjj 

^JJ jiiii I oj'if LliV jjai ai* big bang j._>Un II jU-tlVI Sjii Jj>* JL3 (7) 

■ J in-. jLaJiVI lla Jla (jl y^JI SjLil <<jLl)l i_i jj <Iuj^a 



oji" iii'i VI i_i a-J 9 idLlj . {7 jj) n *» II Ij-A J-?-^' "' <*' J-'J-* ***yj> £-« 

. S jJSlLlu-oJI <JL=JI <j_>lij <a1Iqjo (_^jJI tjoa.jjAjfl II Ctljj (j* 
II jl a tuVl ^jj-QJ ^-CJj ^jjJI illVI (j^> j j jAS «Laj <*LlA*LaJl ^ 

cosmic back ground radiation ^ *.j < II j * j S I ^ I I ^1 * Al j>^j 1 o 1 *T 

(jl (j-S » .~ j I j - ■■■j^ II j^ya "(_Ls (jVI cLui-ij .LujJS <aj.uij (_jjJI t<*»l i i<~il -> j 

Set* _ * 

.i'oj*- II |jL^ I a iVs L^ji (jl£ <LL=».^o_> j-c j^ inll (j^£JI 

1* ^ ^ 

^ jJL J-A U I \" t jJ-a ( _ r lc ljLal£.l j <iu= ^Jl j <-JjkMl m" ml jUj*.l JMk 

*u*illll ^ -i * i j^. jJI Vjj-oj ^lj>ll ^1 u^-y"-" SJjaJL (jj^JI <lo* 
f(jjUI jJujil <^e>?J"JI til >* JjL^J £<UII jill ub -^jVj oaj 

* ,. * 

(j^s LiiiH ^yill 4^al»JI jKiVI (jl c5jj-^ j <J r«-iill lift ^ L°fi a \ m~<'i hi 



H.W. J.^Jj j^J^ ^LJVI ......hllj ^KO ^IU-. J <1826 

djd; ,J <i£] ^jli (jl^ <jjUI 51 Jkk ^ J Olbers (1840-1758) 
Olbers' (jujjjl Sjl^o f-^^ u*^' ^S*^ Vlj^ j5j .aIj ^jJI lj^ ^j^a! 
.1610 jvLt iU. <d £_£il _ jxU jlo Lsj_>x^ (jl^ JI>uJI ul - paradox 

'LtvlUn c-Lo . ii 11 ,jj^ "Liii-k. ^ jLaJ (jl ^jAJalaJI (j^s (jl ^1 jA jl jLil jU 
jjjj :^t_tAlj i_ilj^JI (jl (jlaJ JJ9 <(j-»JjJ-o j-lC (j 1 1 Sr. < J I1 o*i (jljDI <Li1j Cul .JjJJI 



jji t (LjJjIj jjt (2jJ^JI (jl^ ^jJ 4j1 QiiLllI j£j qu^jJj! (jil .(jii n mil Cult 

I J\ -\ ^LtjJa » ' a " ui-aJI (jL^J "'I*' ' C < j-o I - * °" I la ~- (jti-o (^1 (j-fl Ci a "-j Ijl 

(jj*^ ' (jl uaj <* J-iUI p| o in II jjLi IjJ A-a-Li ^ ()"<*> > hi <jLi <pI a m II ^1 J .^-i 1 1 
(_j-jJI J n 'till Sp^Lo g^Jb I »t« a pi ft mil (jV <(_) "» i ti JI U in ^j)U in^ L^-fcjU i ii 

l_y*J) n mi II ^j_o i_aVVl CjLj-o (jLs I 'i m n m i (jl £-«J »ljl " ' " Jl ^ U » " 

j3 (jj^ll <1)^ ^ <j1 iLa^J 1 ;\j (LafJjl .1 afrjj jJiill <-i->J ^1'iUa'i Laj 

jjLi^aJI p j-toJJ dij <Laj (j^- 1 'lJ'oAj' T* a CtlaS i uJ <<Gio CaSj jJaS T mm 

,j_o Sp^Lo pLa-uJI (Jl (j-e V-l-i-S <ljj .1 1 1 ii-^ I ^1 1,.V^ Sj 1 » 1 1I ^ *| II J^C 

<ljL2>. * ■ > '« ■ « j^- ill (jj^ i-i i i ii )J <olj-«J Sp^LoJI ijjfc (jLi <^ hi n i"ill pj) iAiII 

.4 ililll 1V>I o in SpLual ^j-^ 'Jl ^(j in" (jls 

(^jJI <p j i^ll aJ hi (2h° j-iLi ,_jAiAjj <l J-iAxii jj^I < i'iIMI <dallll 

(j a ** a 4-il in n II (j_s j-la-jj I aj.lc I ' ([ j j a (jj^l (jL^ j-I I Vi i r I ^Jl i<->j 

(2)1£<JI dIJj (jj (jl^ IjL V <P J-uaJI 6 jjLt Lajifc (jl^JI ^ CiJ^J (2)^ (SS* 
<^c_ijlaJI ^yt> ^j^. <a-j-i<aJI 6pI_>2 . Lljj_tC ^Jl pj) iAll J ■ a ■ LoAlt 

1 jl 1 0" 9 ) Lpllll (>a (j^l ,jj O^lj J^i C^K La^ L^JI ^ diV 

Lfljjjjj ij_uilj J J| ^UJVI (^JJdLi^ |JaJI nj .<lLaJJI 6dA ^ ^ La£ V <(iljljjjlj 
JaS Jj i_SOA l(|_'a t^JI ilkaJJI ^ ^ La^ V <«lijlj Jj^a Jj5 Cul^ La^ 

I'll i>*ij (^jJI pjjAH CjjJj-oI 6Ju*jJI ^l ui-^VI (2jLs <Ij*\Uj .dIJj (j-o 4jjljjj^-o j-> 'i 
pl n i n H O-jl-^ jkJ (j-aj <jJLc (jj^-ll Sjlj^i. Ct'il^ I n'm <(jj't mil (2>ajiLj ,Jii (jVl 
<Jbl^J| CjUI in nil jl >~if VI (JjA^.1 _>klll die j .(j.in itJI p j 60jIu VStU l(| K 

pLa^JI ^jjjjl j!Lo <^J5 j)">'t i ii 4 <( 3j^ mi l (j-uaLJI ^jJI (>a>ILi Sj^aullj 

<«LiSj) iAII CjLa.jjJI (2)1 j»J <(2jj^JI ^-uijj <Cj^jJI tdlj ^a 4j| Jjj . pj i^IL ajj-oA-a 

ji .((2AK i^jj 10 4 ) L^jj ciVI 10 f „, ? I llJLla c^l^ ^pJI 



ol>i-o>iLllL < inj« « <j^.jjJI JljiaVI (j^j (jl 6-° ^^iJ -M-jL* Ijj-<lj ojj-^j 

^Ij^VI dJjj .ijj_^o J Cil j" oj I n (_)iiL5j <Lia>j-o VljJol ili*> t ml jis <4jj^oj 

iJJ- 8 CjLs. jj 3 C-L-A j <Gjl j-a. jt m-i 'jj'i'S J Jj-jt |% hi % I Sjj n ft <jVI ^^Jb 

* * * 

<>£> <JJ>5 6J-Aj VUH JjJJI ,ji P-La^JLft <ljJ C'W'J-* 3) j 111 ft 11 j ft 11 

ff * tf 

Ijjbj <ljLa. JJ n"i nj Ijja. ^ J J ft a, -1 '| tjjAj VSLxJ I (j I <^ *> ^Ln J-!^-J 6j-i£i 

*" ' t 

^jj-ftj ji_uj_>j L o J *l f j < i n ft" II Ijjfc ^ Ix. frl ft I < It _>J-£- jJSj 
(jL> I lAjl J> .*'**' ^ f £A> aj ^ lj-* Ijl i*i nilj .UjJaj *VI ft""J <iu-o^j Jj-tl mil 

^jJI ^ixJu^S «Ua.j-aJI JIjLVI (jV 6JJ-0J £-« ^Jjj <jt '-'•>_' <jj^' Sjlj^. <a.jJ 
OLS jVI J^o Ciij (ji IjJ i/i? <jL£ La (jLs (liLljJ ^jTyj .CjjAoj <U£ (\ ,,^ft11 SLaj 

4-=».jJ <jl gj.'" J-2j •'*' i A 4-^ M JjUl ^ 4-BLLJ1 £iLl£ a l f-* '^-fj-^ £ 

* * * * s 

<4 ft -y (jjV^-H >— fiX.1 'Oj LaJ 'nj IjJ (jtXjil £-0 Li ni'Sf. ml ') "i "i Sjl_^aJI 

Sjl i ^ j j o oJj j jJaj .4 a il hi II I o j nj ft i i i<-i j (_jJl Ojtj^a. <La.jj a --. *>" 
6l j^jJI j*j Lo <jiL ^ jjj^il ,^jk».ll jl>ft\VI £L*^il <j1j cjLiiL^V 
ojjjjj (1933 ^Lc jJj) A. Penzias JuLjJAj jjj Lli <jj o -n II 6J-a L^^i 
£ilj*Jl I ft d 1 ^ d » ^ .(1936 f Lt Jj) R. Wilson ^ LLj 

Ijl^ (Jj <Sjjo.^JI I «j >ft(j ft 6dA .^LclsJI ijj ^j-o ^ i<il l ia-jjJI ^jjSLaJI 

<^.UJI ^ I uajli ^ i uau lljl j_4 (jl_>jjj radio-astronomers ^^je^'j gjj^ I « 
J^UJL Echo ^ft uiftll ^Ij^VI jaliJI <L» f Lk: Ur. ...VI JU ^1 
-(SJi^ ji\ iiilill ^ <^uiLut JiLu* ^ <Jlft»' ,„l ^ Xol .Telstar jj^aEJI 

1 1 il i ii (jl^ ( d '"d '"d HI 1 ftjAaJI ~ La ■--■II jj ua o 'J I ft (j >l 

ilijj <Jljl (j^Luajj C>jl^ ( _ f jJI t< ,i jjl i/i ft II n-i pL«J| JJLjj . Jl i ft" mVI ^ 

^Lxjiyi (j1 L*Gj-a ^jlll i^aljjl (jJI !iLla jj <( jjLpL ^ LiA^Ji Sjljlj <jvL!Lj| 

j mil n II jjjJLLaJI I (i f I ^ '"jj <<jjL*JI S ^5-JI LLLj ^^ic l^lt jil .<n» i >U > ^ j£ 
<i iii ft i ,1/1 1 1 j ft (_jjJI . .-^1 .->ll ^yjL>j d II Ld^jjjt iijj_>i-Q ^IjjLj 

. LjjjjTj «(*iftl in <jj jj'i'C II 



» * 0 

J}U. JJj j ,<La. ^aJi (£jj£JI jjilA.ll ^Lx-iV 4 • in nil LuuljjJI CiIjj jU 

^ill ^La-iVI <Lx2 >L« La£ <<d (i-sLS^VI I la o><f.l ^^iJ) cjI ^LuJI 
1 '"^ "' ^^-jJ 270 jIU a11 ja .^11 2.728 <jj1_>-^. *La.jJ ^ 

Jf^j-e Jj^. (jii n mil <^jja.j t^jnn mi II Jj^i. I 'i'i^j^j I'tftl Ui La Ijlj .(3"8 mil 
» ■ U. « II ^_jjLaJ| oLaJjLi ■"■lj~- a II d ' ^ " M I J " I ^ 1^ II ^LsAjVLj (Lij_)^_a 

<Gl .<uJI LV>iLi Li|_Lj c?W >* uj^f £'-*- i V 'Great attractor 

^ya <-C j a a a ) * '**' i " ' a j i o n CIj I a ui <J j <i_Lfi ifLaJI j-i j ^1 U>Lo .ilVi'tn 

.iiCSJI ^JU, Sjl^JI 

(_hL->-5 (j S n n II (j-o .3-8 J < in II 

Sjl>* f "*aJ (7 J^-slaJI) M. Planck 

.(jlK 2.728 UjjS 




jtjjLj Jal i 'i" inlj <<t Ui*i II 6JJfc Jjut L*_a ]n \ I I j J-i^a^JI j^jj ^ n ^» II I 'i n \ 

J^~> 11 jj-uoLjjJI j j i<-» j^j <(j^1"i ni'l >l <IjVjL»-o (3-*^^° t-^) f ^ * *' J^alLa 

J_a (jjill <_^LJ jji"<J m i , »J< (9 J .^ill <_>J^JI <J«JL> j».Lu^! J j^. j-i ^jLa-lJI 
JjJ-aJI j> I » *) (j^-J . L^-lj-k > ( _ r lJI 6jLaJI 4 i n*C (_j£. j "i »i n tljl i J-*^JJ Jar. (j-oj-11 

jjjSJI 6jl>a. 5iiLfc i_9^J«j j (JjL* OjIjJ LjjjJ^Jj dJj j <^_Io jll] (^JLaJI 

6j_ii jjl ScdJj i_s^juj )_a >*•> j luI 1 5 ■ 

* ' * 

f-* LH'J 'LX>^' JXu £-o J J aaJ <J^a.j-aJI JljJaVI <jlj <(3"8 luJIj «7 J_ua_flJI 



If 

(^LjjjJL ijljoJI <^a-jJ ii^Lc. g-as^j .^LaSJIj S jl^^JI o±> <2^Lc j^-jj 

Sjl^a. <^VjJ LfJ j j » Ti ^ylil ^1 J_ilajjJI {^ojJL (jdaill <pa}lc.j 

^1 i , jy\ u_Sj-Juj (j-^-j ■ jjt" II ajlj-aJI > , tj^ LUlj I* ■% a L$_i_>3>j 

dj > * J JjjSJI CjI i 'ril ~> (jl ' 8 '"^ I ^"U inlj-» ^7 ~ 1 1 1 'i A I * i ■ ■ j Lljilia IjJ (^-ojJI £_a 
CijI^ Sjlj^iJI j^Lj Loj-aX. Jjill I I njj .<Qj|jj ^j-o jj i«~i 4 Ciij JjJ 

jjJx. 6jjLi j^l *s -k,Lj a 1 i^-i " oJI cj! oj hi ILfl <frlj miVI (_>Aa-j J mil ^ 

(jA « i t I (| i <a ■» ' <t In >">j-aJI id\ a I ■■■ II <<LkJLc Sjlj-a. C»La«jJ ( _ f -S jlj n" mVl 

Jn»" i ii'i 'ij .j lAi-^'io Sjljja. (j-S VI *LSjJI ^Jqj in" V <\ij* i A L Lal xjjl 

^1 jl j_aj <4>=-J ^ylc. jJLJI j ^ I a II i i.j Cm ^ <l 'i iLU-a ^ 1.Aj-aJ Ij-A 

Ocl in ij Id «_a^lj ^1 < li II ^r-j n~j <* iA() II 4 1 1 nr J (] mj I (j *t o j < i/i l oLj-T^ 

in4*t I (j 1c — " » (_jJ.ll *'M <~ I a" II pliul l 3- > ^ 9 CjIj->3~*-^' laAa . \ > o ■> 1 1I 

if ^ 
(jjjl jl jjJI ,2>iJ (^-ila-oJI < ft-Jg j_) ^ (j j t mi iijJaj (jj^JI Sjlj^. <^.jjjj . jl j-iJI 

dlj^Li J^L ^ n mi I JOT. (_^jLlu-» l_4jia5 ^ Jj-L<a^)-aJI (jJ^JI j < <n *h \ 

* * ** 

'ujj L'-h 6jj I.' 200 jj-a j_=J j jj-a ^1 j I a JJbI jUa II lj_* _ Planck length 

<Uilj a I ■■■ j* ml ml jljLa liAj <JJ-« 1 .6 X 10 fJS) JJ-aJI (>« (^jJfifJJ 

<LijjLa_iJ ij^Jaj ^1 ^ ^ '> a ijk ts\ II J^Ji <ja>jjj| 6,*Uo ^1 I o jjj^JI 

jxj (j^j rL^j *> j i,^ <Sj LujJ As. jj V (j^J < jj_>jJL ijjJajJI C>lA» d5j .ajljuil 

.4JI 

JU ^"'' "' J 'Lli-Jjlj (>a fjill jJLJI (jjjl^-H j-laAJI II* . V " ' t < » ^Lfl 

* ' ." . 8 

(j-a gJllj pljjJI ^1 t>o>ILi UjJjX. Jlj \±Jt .^."i yij (jj <4>_>JX. (^>t ill n 



<Jju jjlj <±>[S 5.4 x '\6 M j^Ji JjL*j Planck time A£L> Cy*y* 1 '• 1 ti r 
.<^jj 1.4 x 10~ 32 Ujl £-Lu dLi^L LlJ SjI^JJ UaI*. ,,^1 
LjJ JjJ V lj t> » _* ) 5 a (j r I :<Lj_uj ( jl _i I cx>f-W ^ ^ *La j J-*i I j_4 

J » 

Jj-uaLiiJlj ^JLJI ^LaiaVL f. i.i~>ftll < L I -> "<j Ussher JuUL£ <IVi< o_. 
<jlaJ lv>j.i~~ isaJI <j£J < pljiJI ^UL JjLij c»5j tdJjj <l>$-la oiL-JI Jjj 

(jt Ljjiajj (LajjS! ■ * ll j "I *• ■ 1 1 I *i n (j < £_a I > nil n" dJjj <JjI^>jJI jj-S SjJj ^ II 1 II 

^jjtt l_u_^5 jl <<ldLu £jj 'I » ^Jl <jjio <_iljjjl J ii,l^"t 4-fcj i ii l (jlS n" *t jjl jj-S J-at-j 

.dJj 

/jK o (j£. (Jl j-mll ^jJoJ I d "' a IL»-a jjJI j -^1 -t i (j^-J <Uajaj <Loj 

, r "" ' * " 

fjj Loj <s- Lr -i> c^l (jJf Jj->"jl |JL*JI S'ij |J J£ i,u oil :(SjLc 

<T> n a IjiLi ^explosion jl ^ a M j^j^ ~> j ,_aLc.l >U'tl ^ U « j j h « II jLa_ijVI» 

. (9) 4 jl^ a id^. all :<k ^LAiJI ,->,Uill jl^iiVI oil .l^ijUl L^U. 

« ' i ' 

Lr l*J Ij-Aj -U>^' (3^- ^aaJ (jj ( _ y ^La. <<Lki-<JI Ji^lj J>i>.j-o 

^ ^ IjJ .LflLo USL ^ ^1 

<Li4 (j^-J (5 jJt (jl ^ n II j^j-o 4_»jj-iA 4 '» i ii ,2jjjJj 1 5 
J>a.j (j-o «iiilj j-o <Jj tji uaJI ^ 4jJbLlLoV ^ CjLsjVI ^ Ciij ^ 



'J-^-'j Ola >l« nil j-s ■ijj-'J -JrfJ^ 26 ^ LvUxa ...111 I <tl_ujl 4jL ^jjllll Jjj La UU. 
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.«explosion» <13H U« J-Ail 5 «plosions» LJSJI J3H Lojj 



(8) 
(9) 



cjj5 j jjlj Big Crunch L i°i~ ■■■*■! ^'-l au •■■ aS\ ^'im <«liU o» (jj£JI * 0 * a 

^ * * •* 

iijj^iJLjl <JjVI <j1 tiilj ili^Lua Ifl II n"i~>l jljjj 5 j£i (.-A J - Jit" mftll JjjJo 

.<LSj _ji Ljj^_o LlaJI _,i <iL <K 

ft -V (j-S <2j-0 JJ-t jjL^ LlJj (^jjl <(jj£JI ~» (_j.11 V I OJ t J J mt mj 

<4jj j < *i hi _jjjJj 1 5 <Ltljij 6jJai _5 jJI <_jjj-eJI _|^^JI ^ (jJ^ V j <CjL5j^I 

i^j-clj <scale a ml j < o (_yJ[ (jjUTtt m ^ 'i'<*s I < l 5->L-" j cxlj ^ j i i A _jLS XL<A 

LULa I Jxjj ilUa't «Lal hi o IL) J) U "> > (^jJI J-aLiJI "<* ■ ■ ° * >» 

lilil J^°' j^JLlI <il ui-aJLi <100 ^uLJLaJI _jM lj^-4j .Ij-^Jj l>i-o _£jAVI 
ojL£ (10 ) (jjj L II _,J Ij-^-Ij j S o II Loilt j f jj-o 100 (jj"l-< <*» II 

(j^ajj . (^>J-a 10) jjaJI ,_)-o jjjjUI (j-S J^.l j LAjJJJ <il mAJ (jj^J J) ' 0 a (jllliVJI 

£-3Ll1! Ijjt (jul t-5-oJt J-»Lc ^jlc. oijJI jl o"if I c^l m-> I (j^l" .m'ijI cjVjIa-o < , <jj*s" 

iIi^jLslaJI 6J^J <J j 5 1 n II 4jjl5I jJI Jji^JI j _>j» Jjl o^J -oJ^JI ch° j i 1" a a 
A Mf jjJI A ^1 I ^Jl J <<U^aJI jLuajVLj i ^ J o II j <JJ Ul 'i n H .IjLS j < jl j U II 

^Ul «A. A. Friedmann (1925-1888) ^Uu^i yiijS jjjlLu&R j__Lu<J! 
61a tJiJ^Jlj .(j-xJj j II) ^ j tj" II (j-L-JLi «QjLl^.| JjJ Sj i t.l i n 1922 j>.l_c 
^jJI J^. j J j I a II Jui_ aij .(4-8 J*LiJI) jjLojjji cjVjU-oj c>VjL«_JI 
;1925 r Lt A. G. LemaTtre (1966-1894) hi 

«<jjj^JI 4 iA_i j II » &l ft m La JJ^a.j 'frlj^l _y-lj. (l^-o^JLf Uj-J jLc £>-o Jjl (jl^ J-5j 

.fjk«ll jLa^'ifl j^uil ^jJI Ifljlr jlki (jjJI .cosmic 



4 'i'n I <l < I i ft Vj La.j"i a ft (_>iuJ j\ II a, II _jl LJLa. _jjj^jJj-o_lu^JI Jl'n 

4 ml >8 ft jLo La.J*jo LoJLc to ■■■ '*« a II ^ II t II A i iti ij .flat " t-i m ft " jl llllin i'i ft)) 




CJ ii A <iC^ c±\Z IjI .^U^ji ^jjb .4-8 JiiiJl 

£ j * S * 

<jjU) (j^U'j ■■<> f^-ljl £_A*iJJ <Lk.J-0 JJLJJ «Lili_a)) 

oil <j^VI ^1 jJ^U .U.^IL, ia-jaJI tiliUI 

^j^^JI JjLj jj^jj SJiJJa jLt-ajl < n*i ft .JjU-a jo£. 

.£jL«jJI 



.lia.1 j I _>j-o (£>^VI (j-o LaaIj^J LJU. Jjujj (jjitiVi (jjj ^LflJI Jl i^i'i^U ^aJ 

Lajlj (jl£ ^JLxJI (jl ^jjk <La. j"i a ft <j j£ JlLo <l U uuj r> ^JL*JI <jj^ £-*Lii (^a^lj 

IjjjLus <LjIj_l1I ^^j (jl£ jLlLsJI (j[ ^yuLllI Jjij (jJ-a-J .^LuaiJI <lLo jji. 

Ad^. Ijj j «a <JjjJI ^j-i (jl£ ^LJLoJI (jl _ I j'hj (jl i _ i j j _ (j j La j 

1 a (j t J t J ii^i) (jli <ljj^lj IjIa (jVI (_£j^VI (j-o LoJbljjiJ da-ij (jjjJJI >(j «*Ua\ II 
n j-S (jiijia SjLaJI (j^> (JjL* jj5 .^ILaJI (jj> j \i 10 LiljjJI j-fl 

(jl£ jii <iiiiiJI fljji. Lij*;< (jl^ ^JLaJI (jU Jj >tll I'.l'i'C.aj <5^jJLua 

* J 97 

aj-A CijLSij <Sj-o 10 j) ~> '1 i pLoJI (j_o 

.(jjSJI (j-o (JjI-A jj5 <LajJ lj^ jILq J U 1 , nj (LajJ I j)~> n (jl^ j 'J***'* 

Lf-»j"i ~> _> (_jj.ll ^1 ii i-^ VI (jl ( j >«j V lafi <(j-ojJI j-o jjI^j-o ^JIaJI (JuLaLo (jl (jx 

^uaj ljj*J 'o-^j-ll J-* JJ-alo V ><ll I 0 I nt"i 111*1 ^^jjl (jl 1 uaJLllj <(ja li ■ j 

(pi jia oJX. .C>l>a-JI |».J^jJI (jfJ J 'Ot" ^iJI cAit ,,u. J l ^^lc LAjI 



^LoJj^i C*VjLa-o <jlj SjiiJI Jjai I 0 Ifl ujT <LLa>1 Kjj-o ojl^J (_£J-II fj-oVI Ij-A 
<jj£JI jkUajjL <C jj-a SjLJI <jj j £■ j J-OJ Ji'i m" <JAaill > 8 i<1*t ^^jjl 

* r - - ,. t-' . 0 « j " * 

.frl lAtll <jjJU0 J-Slj-o jj. in* <jJLji. UaLsj <<Ual mil oil jLlclj (<LK 

fu-^i t^j-ij-J <g^h"t\oll (jj^JI)) ^Jj VI j_» mi_i V t_yuLJLa.il JJ_aj (jlj |jj& 

Jj_L_ajJJ (_JjA.| 4Jj_>jJo <LojJ .iLiAiJI JjUS" (_yjJI SjJA-toJI "LoJajVI d J I m i j I 
j^yjB Li v _j^-"> * U S *i Cj il S Ijl <j| Iri ->^Lj ^jl jj-A a lj j II _j 1 1 8 *t ^Jl 

jjl (j'C l^Ls <<jjLa. S_aJs <Lk_ujljj (_5j^k.VLj LaJklj^l j"< \j 4 rt (Cj\j -\ o II (_S>i^-l 

i ^ 0 " * S * 

<_al i n n || JJaJ ^J> (j-oj '(llj)^ II J » a i 6 jJLil bii-A jj-Lt i_i I »"JI jjj-^ i 

.LijUalil Sj-o i_jJIL I o UJLa. ^Jx. ^j'Ua'.ll 

(jL J^JfiJI (j-ft <ioL_Jlj <<£ jlj-JI ikSiJI alio jji jj<<" II <i-»jJa £^>j1 <_,l 

I "0 J (_joljIiL _£jjk.VI (_>t LaJkldA,! t _jl**>lnfl*t '■»" _■" * , flj*S Ljj i ->" (jLoJjj^ C>V jL*_o 

^VjL*-a <Lo Jja. (_j.ll .4 i mi j Ijjk .(^jjLVI LoJklj^J juli'i n t^Luaj <LijL£ 

Lli_>t Ijl 6 j£ lfl»t-i<Tt ^ylll <jl .Mioll i-iiii-^'i i , \fs IViiTi ^jJLlI <<t£^aJ ^ (_jJJ-ij 

✓ ^ * * - « 

I «j - I fl « jj-a ^jk JlaTLuj jjjlxj <<j^Luj Sj^JI IjLfi .<jjljljVI LjjSj^. itj-uj 

V _ Ml» <d-ajij id-uitj - p-LaUI ^ (jLlkii Ijl <JULj .LijUilil JUo 
^LjjLiTLcu I n (j '»Li <L>jLU2jl JLL I <»jaJI ^e. Lo-aIa^.1 <*i 

tii, \-> i La-a ja^l cXi^' £— lu Jj«-Sj JJ o"»*i 'U-'J.' '" '^ I "(j J* o JJ ^ 



^1 J^jliJ laiiL. ji cJ^I uL« o^VI oUk=.^LJI al^J LULkjL 
SjLJI ^laJi ^jlll (_;jiJI JiSJ (jl (_>o jlij <djiL» j».L1 .[IL^JZ ^ t,\ iu 
^1 strong Sjjj-.iJI j <electroweak <j_n> JJI <jjL^UI j <5_ujUJI ^jiJI) U-o 

^jLjLa c I i ol j xij .^j^jjLVI jjjjjJaJI (j-a JJbLxjJI S^jJb <~i I m i'A <dj^Lj Sjlj^ 

<-aj^ bOSOnS C)Li ?U ,.J jLiliVI J <_^aijUalo jnj ml Lo^^tLal 



Cihfll ^ jJLfl tjj \1 \ jj £x3& 'J J) iV ^ r Jlj-^ j-ii^ e-^^-uj fcltjA s jfcJ (j^J . 4 I II 

Off^-j 10 Jl^ia (j^jl i in ft Jl I a^jjJ i!u 4flJ* .All ^SLj^llj ^^ill (jljjUl 

(j^-iJj^J ( j^J-Li IlI^Jj 4 ua in i <jt a * Lo ^yiz*. <dlj}L» CjI^j tick 4^3 

^ ^ -33 

UjLcLu CjlfCj Jl m"i ml j| .tjhtH jLa-iiVI JJLJ (<jjlj 1 0 ) ijjljjl (j-o jjjLjI 
CiLcLluJI CjlikJj « j-m t II Cil^l-> ^^IjJ Ci"« I-IjLcLuj jV < J I ' a a ^ij-^ j-L a - o JI 

JljLo <jjlll Lojlc yl-i^vl 4 ititlVfll <aj^Lo <lLxJI cjl ->1 .nil Sjj^>.ja1I 

<La.jJj I j . L 4 Jjj*CI I . a II «^ ... jjj| Jjl^ .1,1a. I 8 uaj <l *"*. I luj (^jjj^l 6jJ^I jj 
"•H~» j II 4 fl a j (j-°J Idli^Li CilSkL (j-Aj <4_i*_ul»]l Cjlja. jJL 4 ml i? die ml 
SjjjaJI j-^-j jX^Sj Jj1 j^ c i Lttjj <Jj.la. (j^-a-i (_jjJI jlijJI jljJLo 4->jj J fl mi l (j-a 

^ ~ ~ " ~ 

laj <iilj*)L 4^3 (JJJ^Li 10) <JjL ^ JjLfJI CiSjJI lj-4 JJU-a J-*-JJ 
jkAAj Sjl j^aJI 4o>,jJ Ctln > ft <^4 i'il*ill (j-a LXAf-^"* LXk^i LT* '-^Ij Lilj Ciil 

jJLxJI la^s ( _ r ai IjJ <<ijj_ueJl "f_.M 'jq<H S jUI J>£. 5ajj_iJI SjJLlI J ,<~>i\ ^K* 
j ' j t~ i j j o j ' <• jLi j-i-JI (JjLjLjh j,\ i " m dj-fcl ia a jVI ij-a <Lijjj-j jljjjj ^ jJI 

jjii^-ui ^1 CjJ-us j oi^J' LT* il.ia.VI tj\ j^JI (ixiLj <_>J-iijj .(^ja.VLi La-ftluia.1 

JjVI ,_jJI jlialjVI I "> J I f 4 2>^J <<Jjl>^- <a.jJ Ci iAt-% Mj jj (jjiJLs .^jJ^JUA 

(M 30 s * ' 

6^0 10 Cj^J tlt^L <£.Llo ^jJ^* LT^l jLtlj^l I mIt (jJ^J ( _^J - LlJ^Ij 

J-5 .Ljljoj ml Jj m<ll j»JL«JI Ij-A ^ j_i_> n" 1 1 Jjli P ( _ t -ii> ^1 iiaj (jl JjJ - 
J-a.lj (ji H£j-=A (jj-t J>a_« j_4 jl k*'i VI ^jt-J (>iaJI chjj-J 

* * „ -13 

piajJLi Lfljlj I ml ma.l .'l^ ■■■ dJj t jiJ <(<jjlj 10 ) <jjljjl {j-a -.1 '.j . 

J K" * ^ 

(^1 ijAaJ ilJjJI jijJ <Gt i_fla^ XJ ji j < j^inll (jjSJI ^ ilj-=^!iU ^Jj-aJI 

<£-xLJIjj .(ilj^L JjL (j-a 10 15 ^ LJ (jj^JI J^Lfi JJ^J dii <(jVI (_f^a.J •'•(j-^' 
La (jl jl <lAa. jj » i«-> <j| (jJoj «<Aa.V <— ifl*^ I <La»^La j^al Cilja.jj (j^LLi Lo J \*i 
^ LL5lda.j ,jaJ ,ji. 10" dlj^l (jLS «la.lj JJ-0 6 jdi VI 1^1 S il p-J-^Q-l_LU 
jJLaJI J^j dil .lia. 4*11 iAnj <Li*iUol "Loj!)Lo Ci mjl 4_iloill LjjLja. ^ Lj La*j ,,,'> 
SJjjjJI 6XAj '((jil^ 10 16 ) <a.jj (jjjjjj^ i_iVt 10 j^JI <Ijlja. <a.jj J LalJ 



0 0 ^ 

,3 '^"tl" (Higgs bosons cjLjjJ^j ilul£ Luj) <jl*-* *-f^ "J '"> J*? * iiilS 
la-j 11a j <<Ji£ I (i ~> 'm Z j Ifl W gauge bosons ^jLa-JI oLi jj^JL 

.^ajj! I flj 8 <t_i ui ilil \i Sjill <t jj» .All S^SJI jJ-ojj <Liljja <^o 

(j-a Lft^xaj j I t\ n cXjjJk i_i n~&~\ (_£^ciJI ^ <L^jJ ^1 Ij^. JjL> (jVI (jj^ 

_>JljLj Ci a "■ j mVI (jl l,mi t (fr^j—uj ill j -> j ^jl^aJI ^7 1 j j II ^jl ^-j iJjLa 

^ j~» -s II Ijjk ^ jj\ \\\ .,. ^^lll SjLJI JL^&t Jjl (jl .^La^JVL lip jJ5 (^^ill 
dLi^jju-JI) nucleons oCjiJI cjLjjjK'i II ^ <Gjlj-a. J}LL 

Vj -Sj-Jj mil 6 ^Lll J-K-Ll LjUo tlil^jlj^JI £_oAlj Lo_U£. <jj£jJ (jjJI < (0L1 J__>J jjIJI j 
.1 i^'il JjL* S jl ^aJI jj U >()"i Lajjfi, Sfl CjAaj Ji ^LaJj^l IJ14J (j^-af 

^ Sajjjii 5jj_>j L$J *iSjj_>j -(lA^ 10 13 ) <^.jj oLjjjLjj 10 

SjU. Lpl .jILaII ji-ucJI j^i iili^L <^.jJ 1 0 9 jjLaJij V LpV < JjXi ^Lia 

j5"> 'I (_jJjLjJLa.il I JLA <j£J <6jlj^JI 4-_>.jjJ <^a h mjjl tn liiljj t^iUIL Ijja. 

.jMloVI jjk. l-i luI ml ^uJ JJ» j (j^-uajVI LLuiila <j!iLc)LI 

dJjj <4_i ml ujVI Cjlj-=k.J-)l Jl .n 1 " ml ^j-Lt ^jl_>_ual jj-t> i. i i m 

(jj^-ll jj li" (jV t«LxLa*JI I 'i~l_i -» ^g-S I j a i U *i ^iJI CjIa^.^11 ^JL^i" i.iLj 
. ' <Lit Jjj «l ' « . » U II tlLj^Lj olj-^.j fjja <_op^La jj^! I (j Jl n»" ml J i -s > <i^.jjjl 
.iL^iaJI ^ <jJliJI1!I olia. _>JI tj-ll ^lA^i II CjI ^lilJI iiUL> (>i i-JjiAJ VI 

ij^Aj LjJ lj_^ajA_o jJjj La .Lu_ > 5j * a 1 1 <LLL2 jji, L^Jit 4j_k.jJ ^1 iL^jJa i—iLLa.! 
■ m,UI ix^UuVI CjI^jJI ^ ^ lt**L V ^1 Cj1ia.VI < 1 ml ... jjl 

.^jj Sl>i >3 LjJ> isLa* ^kU ^ .dli^L. <li (10 26 ) 

Ij mi't neutrinos cl j^J^ j^ilt - J ■— °" .<jI-uJI S-i^-l j <uiLi j*j 
u-fi tljj&l uq a <J a t., I , l l dLij !~y> Uojj .Ijin 6j_o Jx.LiJLj jjjj .SjLJI ^j-* 



"*> a H J - f j 'j-v -J i il I l|j ill I jl jjJ jj^-^ ^J-^-Jj't in 

? ? fi 3 

jt£ ^jjj .L> ia. ^1 LaLaJI <il 8 it. <JjjJj C)l ^ CjjI^ jJ La^ <il»£l j£JI <LS j" A. a 

L. J5!j iLu^Li LJLi. kiilj dlt tjj^JI ji'h'i LjjLs <l j J^Li. spins ^ jjj 

i , , , 

Cil jAj_>j£AjJI pI ^ in (jj^~» jl J-Sjjj jJLi <ljj» ^-S Sj-a Jjl j ^t't LoJ-lcj 
< jjiJI 4 n in (_j-Lc O-laJLa. CjI J-l-jjJjj j 'i 11 j| j[ . CjLjjj j-fl_!l pi n i n j_a ^ U m l 
J i/al j>" a II jJiJI LaJjjj <Vjt Ci I i<~i Vil Ladle idJjj <<Gjl_>^. <^.jj 4_u=LLjj 
<ja J_>i CjljlijLjjiJi <jii^. (jl <ltla I I <j£J *J>=»- c*4 

j-L-uaJI JjJ jj~< (j-a l-Lj i U jJ-flJ LfjV <<La.J-aJI <Jj_>£-aJI < j 4 I A. II 

LLLa " II ilj^VI (jl J-A <Aj->\ CjI JJ-ljJ J i > H pl_a_Lu jl i_i t m 11 .^^JjJ U n II 

^ j <antiparticles Sjl .A a II I p "il n_> ~> £_a oUj_>-i£jyi ^aL^aJ Ij-jj ^ ~j 

<L=».jJ jaJj (j-aj t^jU hi II jljj CjljjJJ-LlI JJX. j_a jlj <pOSitTOriS iZjIjj^JJjjjjJl 

4 'jj^ a II ^Ij-eVI pi o iii S jlj-=>- 

oi* ^ c£ljjl\ <<j! ctj ~> i liljM-i <o-jJ 10 ) Sjjj-ii Sjj^j ajjfcj 

t j^a.jj Jj() Jl^ jkjjjjjjjJI <J jia <Ljla |\ jl j^ <AjIail| Sjj^JI olj Jljji.VI 

j^JJJJfjj (j^J^J^) f'JfV^'j (a>»J^ ^aJiia jjjjjji jja ijj^-o Sl^i ^Jjllll 
jLi tJaji^ il— J Sjlj II ^- j I jlj n~t ml ^jl nit II jjjjj . ^La_a jl a ■ qj I a 

(j_a iLaJLi 77j (a, j_- I 0 II j_a il^JLj 23 <LI j-S g-J *>j <■■ £_j_jiJI j « II I j_A 
^Jj'lJ l ^ (J^jI j i f> l '<<* j-a i 8 U Jj^ '(SjjaJLa jjX. tllLjJJJ^) jjia.JjJj^JI 

<oLj>ij_>j <ajJj ciLijij^j <iMi j_a <}lla ^beryllium ^jJjjjjj lithium 

I (| l An J «Lijjj5 CjU jjj_>jJI pLSjI ^^-Lc. JX.LllU (_yjJI CiLjjjj J ' *■ II (j-a J lUj i^JI ^Jjj| 

a j^i J-oLxj ^Lj jj^ill Sjl _>a. ,jt ?tl"i^ * £j\ jjjjjjjiiJI iiiia. Sjl_>a. jji! jl jJjiaJI o-« (10) 

Jjlja. <a.jj jl jj^. ^ . jiK 1 .95 ^ ol^ljjljjiUI ijiii. Sjl^a. J ij^ju liaj i(4/1 1) 1 /2 

•jlK <2bjJ 2.73 ^ oljji^jill 



* • 

LjjJjj J-A 13-4 j-o j»Jb1 (jj^- 1 •OljjjjjJJJjJI (j-o <ijjJ-o 5 jj n" ft jjjj' <J^lj 

J-A lis. jjJLuaJI j Ida. jj'<H jjj LijLiJI <ij.».n]l ^ JjLj-«JI m't^l I jjb £,1 

.-JxJI <J| J^aj Uj iajj ^ill 

^JVI Cillo Jl>^> <JL=^ t^it Jkj jJLxJI i-ij.'xp jLi tjSfl <lttJU in nil olOa.jJL 

6J^JJJ (J^^-M nt Mill 

Uj^' ub •OLjjjj£J)M o-o >a-J nn <_yJ.ll (£JjJI 6-° J '.""> (j-4j 

jV tjk jjJI LaIjj (_yj.ll (Jh n mil <Lo Os». << ) itnj <^"ni ft <GSll ljja. jLa. 4j|j 

i_t 1 mi I fj la ■'■jH IjjS jjj-o j if 5 j ) CjLsI iii c (_>j-lu j I "ij Vl (j ^ nj P J i A I I 

t (11)* * - ^ 

(jjjj^ill a »j . <il a mi o in i Ij <ljjJI A \ i n'l IL> <t ni t < i j h n m i I I <jLs <<( mfl'i 

Jljj jl (_y.ll (jii n i t i I I j^J-o (j-o LS^LLajl <LLui jjJ^Lo 1 0 ( jj i" in"> J 
<4jl_i SjLtlj 4 i^l i<-»" ol <LjLUI f-j-=>- (J^ (j-ij .LfjJa-ui ^^yJ-C ijjjaJI 

<jj J.o^ j Vj ^ ill (laii CiijJI »ilJj (_j-Sj j^j 3j>io (_,-« Vjl I ^iLui-o 

jj mij <GLi ijjJLaJI pi uaiJI (jJI J^-JJ-I Loj^-aJI (j-a mail frj-ucjl 

^yCljjj ,jJ L4f.^j_uo jLs i^j^JI jh n iti II CiLo Ijlj .f- j) I I m i <Ljjj -> i 

Lojjx. «J^J a ^ a II » II ,j-S <JjLo-o i_S Ci^l-ui aSj .^j^-I <Lljui jjJ^Lo 10 Jl jla 
.LujJbj I ([ alj"-^ I £j£.dj V <JlL»I mi LojiLi ja£. c-iajj 1 1 S^'i ft j) i A II 

<«t -> ioIj oljl a mil Cijl-ta <6jl iti'M j-° (j U mil i_iVl CjLj-a J!iLkj (SL^flj 

* * w w 

jLuaj <Lil a in (j^-ll y Aii JL j 1 1 n ^ aj i/i ^jj j_jJ 6ia Iaa jl^j 

(jjj <<L£Lua »l a mil (jjij Iodic. *IjjJ jJJ^JI JJ Vj .jl .m'i'iVI ^ Ij^k. t- j .All 

^J^LL^VIj CjUjJJ^Jyl {jA j ^ 1 1 jJoUk^A (^^J <iJ^O LlAjI I II jj'i fl'll 4 nil n JjJLaaJI (11} 



^ Lxj I d ■ ■ U a II ajj_>-»-ll U i (j "> <^jl ml) pi a ua II 13-A (j-ij .LLLjjLj 4 n ml -> 

j 1*1 " <Sjj^jJ! <LcujLL)I i_s j t _ > lkJI ajjfc '(lA^ ^O 4 ) ^0 Jj-?- 0 

CL>\ jj jjJLLl L>j!ilJI i ii<i' j .^^UL ^.LaJLlVI (j-Lc. a jjli I j^Jj oLi j^I^JVI 

(SjlLo Cia^ uaf jJi <U_ilU oil jVI (>o C*3 j ^ji Cul£ ^^jJI jCjLjjuJ^JVIj .5JjLl2o 
fr^UJl jLiJL^.1 p. j-ufldJ o^juj <<jJLslSj ^U-iVI 5_A*J ^yJt SjjLi J jjC V 

<SjLeJJ <GjJ ^jX. jjj> ^ jjl _ P j-uiJI _ tf uujjaLlj n^friLlI ^La-iiVI jjl 

> il"i-v_> V liAj <<La>jJ i-iVI 10 ^jjIjjs. ^-aj>j jj. <Sjlj^JI g-*>Lo JjSfl jJk 

* 

.£-fl}UI ^jli mil II* jJk LjJ ^9-=*. La J£j <jkLjVI *j-* U '"> ' " Jl Sjl>=». 6^ 

J-A Ijjh (jV <lj LXdUl (J-^lj-0 '(^.^J' (j j^J m j f<JJJj-i 6^ J-A 

^1 P >-cJI llA J—aj ijlji-VLj (j^JI jlj n~ ml £_oj . ( -> Ik oil _>jlC. JjJJI 

La^j .^jjJI Lu ^i microwave background <jj_>£aJI ^Ij-oVI <jjlk 

LjJijIj^. (2)^-1 <La-A ^ja-o I_ijL> Li_^i <jJLaJI LjjI « m Q II jl -» a .LLjIjj j j ■ ■ • 

cosmic ^ j^JI «j«UII ^U-ij jjjjj . jlkJI ja.^ll j^i <a> jj 2.7 ^1 okxa 
jf^ : <jjj£«JI ^U-oVI <lkLo ^ background radiation 

.detectors .m<^ >^-5- 

IP 

6 jj C^J-^" 6^ UJ^' LT^ SjLoJI Jjiijj j^LjVI 6i-A ^ lla5 lj[j .Jjj i<-i 

jj <"> iii ^yjJI Saj^jJI j i ^i I la I I .oaIo _p-o ^! ^ Ltj^jij JaJLa a Jj^.Ij (jj^jjjjJh 

<(<j-a JfJ^) < J () II ^jtit II jLa^iiVI S^iLa <_iitl (_J jjl j inl II ^-S 

jxjjjjlll ,2>-o Lij-uuj i _ iLj jJ a jjjj < ^(j^jjj i j II Jj-o Jil <Ci£J «<Lo jaj^j » j > I fl II j 
jdJ J>«-j-« J (j-j'^J u^^-o ^JjUj JjMj aj-a-t ^Ul <jLil*JI .jk J)J IjjJ II J 

■ I (j \ V \ I r-l~> LQJ 



J^jjj j^jJ^Ll j^jjj (j\ J n">^> nil ^_yi <j| Jjj • i ii II (jjj^lj ^ In hi <jLs IjJ 

jJ <1-Ajljj ^ Lli JjV <_jK mV J -gU it JiLaJiJLl Ijjfc Lj j3j t^jI'l'Tl ml 

j n o i o || dark matter ««t oil SjLJUj U ^ ^'j^j 'iEf^jj-'.'ti II <^lj3 
^1 ^ jjl^ La^> iLl5 cJ!£i Ol5j ^ Uj^j ^ ^ILuj ^1 .tjjUl 

-SjLck (jtil'inll cilj CjjLx^ <UaAoAxo jLiJI \ LaAa-ij <«j i » iA^-tJI iij^JI 
ijljj jkjl-J^J ^jJI Ljjl <-a.>J Lf-JjU-*- O-xJ-jjI <i_ i i h \ \ n I I Ci-3>-ll 

^LoJjVI pJ_i J-oj .iSQs j j a J j La-a g_oJUj L^JLLa-ai 5j ,iJ hi Sj-Lj (2>-^3>jji U (j II 

4 j ft 7. 'i jj j. ^ ^ Slj^JI cil> j 'oLslaJ-ILj j> -> j II Iaj <nuclear fusion csjj-iJI 

CjjJj L^-iV <Lulj niP (jj^-> (j) (j^ >> »» ' CjIj ^> ill f"^XJ^ ol -^l j " I ^ J a 
ij 1^1" Sj ' J ^ ijjLk J^lJLsj d ■ a a J )J ■" a 4 .CiLa-j) ft" ILi <La_jL£JI l-il *t ft II 

j^a iAJI jrj^ajJI llA .(5-8 J£-iJI) <jjjjAJI (jj't mil (jJJ^ CjIIji l(j "'JjUn 




^^jJI < n mi,|| nil t^A^! £^5-" Jj-oJ jJaSj (j^ (^^J La^ olj^-JI ^jjJ .5-8 J<ltllt 

i * f f " i 

iiliiJI CjLlIIU iJSl^JI i^all LjLSJI ^ ai* ^LaUi^VI jKOt 51 ,Ja -^ J 1 ^ 1 1> J 3 ' ol^a-aJI 



. • - * - * 

Sj-eJI dJj (3^J <<j ■■■ (jlji-a) qJJ I .' 1 5 <Lk-j-cJI 6 j-A ^J-LJ <j>UI Jj*"' '"I ^ J 
* * ■* 

.(6-8 JiiJI) 10 61 

tl 

I 

c 




(Ji5L olSLj ^IjIKj Ijji.) >^JI 
(J, .A-.ll JiU. SjL^JI Lj.j.ii .jjUl SL^ JiU il^yj ^.JJI ^UJI .6-8 JiAJI 

Vl ■ J i^jl i ■ H UaJI 1 1| a ^jlJI <(j^>jll "LJaa II li* .Luiljjil Lc j-^o CiJIj Lo 

j jjljj J° •- II ^L^^ll 6 jill ^ ijjj_iJI S ^ill J mil* GUT j — <~ jjui -Ljj^. JjJj 



La. jj l^j || Sjl^jaJI .<_i mjUI'ii o^^^Jlj *i\t .All Jjtj^iJI J i ^ a ' ~i <5jj^.VI S^SJI 

300 Jy> <i il-> nil <jjjJI &jl>^ uj^ L»jic j 1*1 1 II (jj^ilij • ...jH*. -jj^H J£aJI Sjlj^. 

.IjjK JjjI ^ ,, nU I *i* n ^DI JiaJI (jjS .(V^K 



* 0 



.SJjJ^. j . /i l '-f 'C5Jl>^' -rLojjV) <jla£- ^yi ("j±a>.jjJa$JI 

(j^i: <jl .Lx.^ £ ; -^j I u^-II Ujj 'tij a5 ^nucleosynthesis <jjj±1\ 
Ijoju V ^aj .primordial nucleosynthesis ^IjJI p IaJ — V< 



(^jj (_j.Lt * - x* mi l (j-aj <<J__j_aJI 6__» (_S i».La«j Jit ^Loj 

<(jlSk (_fjJI <>j II J-A <<J__j-oJI lilLl SjIjJLi jjjilj j i ci\f. ^J^J Cil " >l *H 

j # » * 

.(jj_i.jjjJ._A LiJjil j-A jjjLxll J_> j <(jj_vJI (j-o <_uaJL> 23 4 i in't (_p-a-> 'Jlj>_> La J 

,jlj <ji J h i II jl 8 V^l <Lj_>iaj (j_ja J > i"i II tj^-aJ ^ j) j I (| II (jji J-ll 6J-Aj 

.<->_>kl!) Locj axj ^jjUjlII 
<<j_j^lll eLj___l ^l (J^^UlLI ili ml 'mil £_aj_JI (_>*ti) I<1a .jlgAJI pj^-a (jt 

j^ylc J_Jj <(j*n n mil I j La in (^-o j ill ^ jU ni 4 8 (jl j-A 4- j5 La (j£Ll 

^jjl-SJ (_jjLaj ,_L^5 (jj___» CuLS LjjI <jt_ua^l ^jlc. (jj___» cJlj Lo j i nlTn I I <j1 

Jjl A. S. Eddington (1944-1882) (jjiA^jl ^LitLu. JiJ <jL$ .(LyE 

^jl in" 't j j ~» " j ,_j-j-JI <-i-J_JI j-* ? > I I <jt £>-~3l a-° 

.^j_ki$JI ^-8 Lvo l$_i.La__lj '(jf^JjJa^JI 

Jl ol^JI 

tS^S* ^1-akljV d * uaLaJI j <pLa mil j oil j <Sjl^aJI 6JUJ < £■ SjLo (^ ft II 

. plxu Xaao jvj Jj9 j-o (_h° <JJ-jj-oJI jLiJI J!Lo ^uj^Luij ^jj"' ^ . Jj 8 tv _>-jlC. 

<l o al of 1 ^ g^ iiJxl ^ <jjjj o^lcLil L^i (^>aJi j| «>. gjAr. ^jjLj 'ill 

Jl inn ml I (j * hi iflLLJI CjI iAi'i jJ jj j jLjJuj 1 1"~ j j n'l" <Lalc^l 6JjSj 

.tLoksJI Iffiji ^ ji "i II ,jj> jUJI CjI a iU II 

I j| LqjC j * II ^l~a . j . jLiJI (j-a <_a_iJL) » *• I j » A. I .'U II gl > i II < mft liAJ 

/ ' ' 0 > 

i_ajajj-i j-ol lilfi (ijjjLaJI j t*it " i La-o ^ aui a * I Liplj^l i_i-i m" ui <La_i*JI _ltj Cul£ 

J--JI (jl .Lf-lj-Cj <Lpjl^_i. <L=».j_j < l ( j"iil'i'N I j) j o in (j-o <(_Lolj*JI (jj> <Cjn-% n ^^-Lc, 

<j__i_i (j-i_j_Cj (^J-i SjjLS <(jl*ijlit n <il__ij Sjlj-a. <La.jJ LfJ '.< njtC 5J__vl ^jVI 

* * i 

J. (j.^j-v ^<UII ^L^jxill (jL I aJx. Jeans mass <J__$ tf *«■ 



3JUJI j-j r « Cxj^h ji*^ 9^->^ lt^J Jeans (1946-1877) 

jLi^jVI aLoI Sji" ■ ii n <j i *i oil <-jlj£JI cjl j 4 l*» Lkj oil a Jf-*JI <4f-^jj-ajJI 
JLa. <jW^ J <iijj£JI <n.ji II (j1 jlj <Lo^aj Uj^ 'cf^"^"?"^' 

^> 111 ijljil <lil£jj j*' La 4 l">*S (jj^j 'yVJ 1 1 (j II J (j-ia-jj, 1 1(| II (j^ <j^jS_a <Lui.jj_aj 

i * 
°l •~*J 'I ([" al*:< jlj jj <l j ini't ^^lc <l n ill jl (j 'i~ Lojic <Ci\ JJLi .1 i ii o iii Sj nif 

jj-ual ^ Ul 'i o jLi < J '*>J A a ia a ^ 'i Jh>£j (j -0 'W-^ 4 * 1 11 ft H j ' » ~> <Jj^ 

I >J oia Cx^ij *f ft t» II k ■ IjJ <l* i 1 31*1" IjLa^jI L^jlj ^Ljlj J (j^a-i j ftj » II (^r 0 

<Jj£ j nif j-o <_l_ljjj I fl 1"^ ^yjJI <4 I n*i-> n II AJ7» *' II (jLj .Sj I* i/~>» A j-> 'ill (jjs 

^ cJjSj CjMxUj JM^LluV jOL uij V <Ij i. in it 

I (j* S^-o (jjt ■ iij ^! ^ylll <laIa-<JI AjajJI .lilko 

i^-i-i £-13 a ^ '> II ^ * * a I a I j^Jkj U iii""i j^j jI^>j_4 VLt Ixij L^-jl :Sj a" m o 

.(jjiaJI (j-JilA 

^ «La±C,1 ^ (j^< ft II jLsUI _ La_a_j ^ J^-* C5^~" jLi_H ^jl 

ajjh L^jLajl hOJ i_i I in" j i^n^l > I j I ^tjl i <~i"j <oljjJI Jajfl m J^Lkj <i^lj" in n 

Sjl j 'i ft j n if Sjlj^k. <*-a>jJ ^j*^" <LLa._^_a /) i ^> * dlj jlj .Sjlj-aJI ^LLjjI 
(jj^ijj La_o ^ oj c ij ~» i i 8 la II ^jja e-^ uu > ^jl i<~i"t i II J t ^ *> 1 \,.\ -v «U II r 
J) I » "i i I n 1 1 j . J-4j1 j i i f ^jj's" I > 1 1 I (j i A » < aljj aj! i <~i">~ ^ j-ll <a j ■ I j II 
6 jl j -t 1 1 (jia-oJI (jj&J <<j-oJLj 20 J)"V *> I ^ii o (j-c <LljS _>^t * ^ J 7> '' IL> 

20 s-Uj, Lf^jlj-^ l^jJ Cj \ nj ,,i ? j^^J .<ilJj (>o ^j-l-tl (^Jl <^la. £Jl^ ^1 
<Jj -t * n fjjJIjjJL) (j~> in')" CiLj^j^jJI t>" j i II f <X.j iii i ijjj -> " IL ^a.jJ j ■ I " 
.Lajj^I jit iiUo Jj\ U"j <(j^a in^Vlj <(2j_jjJSJI Jj-» <<jJLc Cilia m C>lj ^1 

tj-ai .» aj'if J .><"> 1 " ft (,>uj-a_iii i-iljJa ^ >j^I ^-A ^JJI a j •> '> 1 1 j 

(jjJ^lj 3 pl-4 j ^ <J__>Il-o Ija. ^-SlJ_>J (jl <ULnjJI £>j-4 Sjl^aJI <a.j^J (j^aall 

^ n \ m (jl a jj I II jjJ (j5>.oj i^ij-t (((jj^j I in II (jljHa.l» iiij I j <^a.jj 

<(jfj l jjJI JjdaJI 5jlla-o <(Jj5j| j \f Lxa-ijj3 ^ i i~l J < 1 jj < C 1 1 mil <^ya 4_ujJ ^^li 



(jaj \j\jHaJ ^jlil JJ^l (j-ij i n'll I I (jfj^Jj .J^jjJIj JjJjaJI <jLfJ-ill ^ <jj^-»J 
(jjj .iaUa (JpUsL (_£jjjJI ^LajjVI (j-o -laj-a j^J-SJ <jl <^jjJI ^J 

g * J * - i 1 J 

I i .wk I 4 I a {l o^ 4 ■ t*»|1 c a*t| # d t . * l i t J j . > ^ * d 1 1 4 j| ^ j 1 1 \^*« * ^ < 1 I ^ a I I A A 
L_l^ljJ-J ^plll J ■■ 1 1 8 ILj <ln\ -\ n II iiiLiLLaJI <Cl 5 <U 6j 'if t_LL, (j^JJ *' H 

Llj-A jji. cLS JJJ i±)ljLi.VI 6>jjk (2)-o S4J-0 (jl .(7-8 mil) jAti ,Jji l(] .At 1 

J (j r (jLi (Sj^ (jJj_<iiJtJ (j n n it Jl (j-o <JlS *> J^a- J 7> 'til <Ua^ 

. 3 Jl L$ _a ijJLc itj^uij jjjjJI ~ -> j dl 3 jjj .<j_lu (jjj I o j n" injj i_iJJLll 

Jjj-LS ' JJ ' '() II Lai <4j-uj <Loj^Ljj <jJ-> Ja_i Lotj <jJLi-4 ^jjjI^JI <Jj-^- CXj^fJ 
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fl/180 

ff/1100 

fl/1250 



^j^i j^AJ iJ^UI iuJI .7-8 Ji&Jl 

(jLl I n If <j n -» II 4-sJLajJI JjJa 1 jj> 4jl_>i5l 

jLlail 4_il m\] >£iJjj .iii i^Lk^i'j/l (jj 
jjiaj; ^j^lfll ,> 4_5iU. Jjj) ... 11 ^1 <j ...'.ILi ilii-ljJI jj-iill 



<ula_iij I j >*s ft" /njj i*C 4tiLU I" n" j ajjjf. g^l t lu VI cjLjjj^i J 1 j tjj& j 

jjl (^JJ) '1 II ^ \ \ li iy-»VI (J-aX. J U jj I j_4 j t-tiLij_>jyjLjJ CjLj^Jj j^j ^^Jl , \j, II 

j^jjj (^jJI d- t l al l tj-o iaLL S jt-i-% I I Jj>»j -^j j*' ■ < ■ I I u^*^- 0 3->* "' '" ^ 

il^jUJI il>Vl 

^la. jL^Ij «Sa^.lj <^L5 uj-^i- .<-pLDI jIjujLZ i_iJl 70 <_>lji ^1 




supenova ^LaJI jt' ,,■ Jl LUj .8-8 Ji<iJI 

iJ^ .(Vela iUS LUj) II U^jJI ,> 
fLu^jJij < \ iiiij ljUI 1 1 Jj-3 3^^' j*"' — 

6jL.ll Lj j AjJJ ^jJl jU H ijjj LjJJJU^ 



_>j£. _ j> ^ 'l It J-=Jj ijjjij (jjJI j_^=LjjJI _ 

Cij^- Cy> <j^jS (j.* !>Lsj -oj^" 

" „ - o J" 

<Argo Navis CjJS j-S j-o j j " i "■ 

Ij-^. i u> uoJI Jason -s 4 \_> a ,ii 



jl j .', ,„ .11 ?a!-^ »I1 LLJlVI 



.iiSLill 



(2>J5 iLhjjs <La.jdJ £-ijjLA\ jLa^JjM li*J .(jjjJ f ? ^ .' £ \ n-»jl (j^j^fl j\ -\ \ 

j_A a a j II jjLa tjl <t~T\ -%Li j <ljj t^j ~» *i II <Lj-a.jL»JI Ul *i n II fcjJ-a. jj-aJj (jl 

Jj* uaJI ■ ■ 1 a II Jjji Jlx. ^Lij J LS lc n ^JJkjLkJI <UaLLa <_Sj^-o tj^li. 

.jLfljJI 

I t j _ _ _" 

<LoJ-ucJI LUJJ . 4 » .1 J J (_$j-ll i-J I S II (j-0 (J^-jL^' I II ^ II J-AC CjI J-LJ_>JJjjJI (j-O 

(_£^jJJ j> ' la a J II J->3-o tfjlj-a.1 (3- , J-^ a cl^ iSLl* J t I S II (2>-o ^-a-jLaJI p mi II 

J^LL t,j-^JI ,4ili^JI ^.jUJI ^JiJI <j£ >jb -Ujll=j; ^1 <LSUI 

J) I n o II j»^jJI t>« <Lija.jLaJI f'lj^a.VI ^1 J i^<" I CiifiJ LjJ-jjIjj ^ya <J ">l jj-La 20 

(Jjj^ iJjLa jl i^r I (Jj-o L^oLol <<jn-^'<H ajLoJI 'ujUJI f 31 l>" 

brilliance u ... . \ || ^_&jL> U m II ^jJ| J <^i"< ^^-^-j - (j-°^j> " ij o~° 

LSjLs I j » "' ■ ■ ■ ■» I * '" p I * <3j a o g- L. ,,. ( Jj^j j 5j Ijjij t^n n in Jjj ' I a lu JjL\j 

.^UaiJI ?j n? -,H SjUII Jlkij jjjjtj / 12) (8-8 JiAjl) II JaAllt t> 

Jo j i i Ai n II i_i 1 5 II d(ja-> 'i II jl a, <*tli ((jj)^H aLi^s. fifli ^ -v.'i Cjj-o jjl 



.J^V liij ^ I luijJI y« <5jLI| ^it JjlSi^o (12) 



u, ,„ y jjbj ,neutron star ^j^,^ f> ? \ J< .t, ^^lt 

jj-ljLi. ni.t a iiiVi 4.1 U \ n jJt j <bl3Ck hole Jj-ujI . i a *> (jj^'i i 'I 111 n itr 25 

ylr. '^J^J liilj (j-a ^-aVI <jI jai. .Lj-Lo CiiUVI i J-^AJI ^p^. ^jti'i i.ij V < JjU 
Sl^kJI aj^-j ojj l-i j^jJI < j i^-il'ii II (jV <UU .till j-4> < JiVI (ji jj i/i < II 

bXA > ml jJs j .5j ft II j-LC. j*i ■» 1 Ifl II j (J jlj-JI ( j-ua.j^j t fl II (j_o a 'i II 

jjJl JjjaJjj I j iril t JjLa <cdij £-o j .jkj)-^ ill jj-a J _tjT > Jf-^ ijgA 4 a-aj « j i>-i l *ir . l t 
j 4-1 j ~> i «"l ! t 1 n^La. Jjjj's j.l ^n-\ "»"i jj)"* II J (jj)"> i«-ill (jj)^ 1 1 ^ n " t jLojJI j ' jt-aj 
Lo^ <i Si i irto |> 'i J^a. i_i^l jill >"t-'i Ijlj jj-JI Jj^' ' J-u^LaJI 6 jjt j 

SLxaJI <SLxaJI oLjj)^ o i * **"* JjVI ^jj^*** "' ^ j **{. ° <(j" i" II o^-J^' '—'-'» 

„ f * 

-ic Jj^J wi^j^JI <>oj 'JiVI ^jlfc OsJj ul^-a ^ Sjjji.j^JI 

oLSjl~»_o (j^'l ,|>jk« II j£JI L^JkJjlj t_gl im'^I ^pit SjjU il»£l j£JI oiA j <l () 'i n 

.SjLsuuJIj (jill j ^ I ; II fr-k^J j_>j £j_a£JI i ftla.ll j^-ai J»'^l ^J-"- 1 ^ 



La.La-i I ^ " 1 ^ j h » || J i'lVI jj i„j~i ^Jj >iiJ -tljjUl <Jj_> (jJI <HaJ JjiiJ 

*■ La i > i )l J_o <LJLc i^._>Jj I i n*S 4isl^oj_o 4_J| 5 J*M hi n II CjIj i'i'II jjlj .lj j)(j m i n 

* , 18 - . ' 

— La ua jt-jjLxll Ijjb Jjl Lai^aX J i*l hi 4-qj j t Lj^a-o . 1 i /i ^l (jj^ 

tint II jl --■ a'.*)fl ij^iii <=>.ljj ^yjJI CjLj» uqJI JfJ^ 4-<u (2)^1 

dj^aJD (jl 2-5l>ll (j-i «a>^' Lieb ^ 'Vjl 

tjl^j^" in LvfjLfl .^jVI jl^^a-jj (jlikil CijLI IjJ 4j| jJ» 4j_>kjJI aJ^Sj Lo 



.N. Calder jjJIS JSL»i ja <J^LoJI ai^j ajil ^ Jjl ^1 (jtl j <ts>».l 







. ■ ' = - * J • 





plj^V >^-J-> V <jI (j-a ^C^JLt ml *-"*»■ J t**"*" 6, f ^ l " > *' 0 L>J^^ (1)1 <^^-> 

^ »"La*. <j».M^JI I jjk j> a I j (I 0 iji La-ii oVI i /-."I pIj^-V CiSj <G-a < 4 l"i n 

.j . a I "I ^jLjJ j.-^ I n 'il^a <<„i!ij) w-i 4 'i in (jj) ' I ' 1 5 Lie I n (j *t o J « t" 

CjIj f- j i All (_jjJ jU . t-i iiijJI jj-S t>^-» ■—._>"> <^yJj-<JI oJ^Jl (j-a ^jjJjLSj-o 

< t jjuIaSjJI tdJj ^jjj J^Jj_^jJ Ci5j iAl I *tf (jil <«t U<'i LlJl J «<•••_* I 

.<Lj «L1jlu ^jj '!.» 30 j-fll utAJ ^j^-VI ^ LaJklOa.! ^LlLuaiJLe I n (j W 
Lg-jLt pi n inJl j »*C a" II ^ o n II Jjl Li! (3-^ '^-'Jjj (jLlj i_J II Li-ij^JI IjLj 
<L»jLa* Sj»aJj jl >a » . i" Ifl *i n <Sjj< i/~> <Jl5j i fiJl <!Lo ^^.H <to_LuLa 

.f-j io II <-cj_^u_i I g 1 1 1 I n i a cjljLjiVI JjLilJ o-Sj-ll <j-° ^ a*sj La IajI ,^"» ,»Jj 

2.7^ LujJLj SjIjjsJI 'Li.jJ (j^xij Lf-lj l>i^ <LaJalLa il a mil £xj& f'\\\\r tljl nU 

(2,V .horizon problem jiVI < K it. n {J ^ju^ •> 1*. j Li^Xj I "*.'-> jJ 

J)W *i ftj <Lo iij^iaj <J1 j^Jt ljjL5 (jj^j (j\ (jJj, oj^JI 

.LljSS jJ La 

jLi J*s .t.JLg .iLiiaJI .|JL«JI J< ju jial; l>ia. jLi ^(j-i iai <IUL; 

d 1« -> I SjLoJI (j- 0 Lujij ^ ■ II I <j| LaJalj^.1 'Jj ■" '--I * Jj_o 

jJLxJI ^ SjLJI <LsLi£ (j| J^ailL SjLc jLjcJI Ijj* _>1«jj .jjVI ^jJI £-^u>L> 
lla. 4 <) j-^ j ^j^k: 1>I^J Lai .critical density' 1 5) <-a-j^JI laLUJI 

J-Jli £_a jl Jj_i -k II <LaLi£Jlj Sj j_^=>j-oJI ifiLl^JI (Jj-J-J Jjj-S-" (j^- J jLLLt^U 

(^_4j-L_>j . flVl S^-it l>ia.lj il>^' 6^ «^LlLai .jjj^ J-°L»^ j-^ oj^-> 

LjjJI J^j_>j |jl c j lAll (j^ju <il .ci nil ^jir. jJij ikii ^i] (jLa -I > i La * _>5S1 ol - 1< i j (14) 

.jtiol 3 ULu jajj -LilS 10 s a^at (JUI jLi Jil ,jl .jjSJJ (jJLJI ><jJI 

jJL»JIJ <1 JjSj Uiic j .Ja- >»JI iilliJI = 1 ■*■■_■ . Gu« jl Jaj— jJI -llVjJ iilS^JI _>1«J (15) 

(_jjJJ t In! aJXu JjJ-i iji ^1 « l-i mi i*i « (jjilLi 1 (]jJ^J ij^^J '^j" » " '1 LoAitj < j I i n 

.•UL^iMJI ^ 4 nil iS n k_iljl*il j « . ~ II 



ilSU oj^m J>JI ij^lj jJLJI jii. Uiit Jala (10 16 1) 

* it 
J^lj <j-a ^>j^Lj dllLkl ^jiJI (j^J (jJ cJj^L < j"| ju o I *-<La.j^JI 

jAt U> .AlL <^.>aJI L^Aji <ir><H (jl^ <G? S^ij jk.lijVI 6jjs (j-^-jjj M 0 

i_i I U n II lj-4 ^ n i ii J .Oi ^Jl dJj jA-o < o j j II 6jJk U {| -> (£,111 <(2>jSLll SjV j 

i^tVI < i< A » II ^ ^jb j flatness problem .Ul ..h'iVI < K ,t. n £jj_JI 
< K .ti n II cJlj L>j .time-tuning problemm <LiijJI iill^JI < K A » SU^JI 

■if -if 

ixiLLt <£.J^ f-f^-J-l Of 1 ^' <_f4 (J-^^ LT*J 'ae^jJ>«—J^JI S^jjLVI 

I a ' a (1-^-1) liJ-*J 1^4-J s _J^S-J (jl JlJ V (j^J-^ LHJj'''^ iUa-tuJ <t-oJ (j\j '^fl^J-H 

^ * * ^ 

Jjj^U <LlLlaVI pi a Lol^aJJ Lo_SyO£ a, \ 1 ^ a i^La 

^lc lIS Lljl Jj> '■ Lodit Jjl jJJ I*'" aAJ (jl jjJb Ij (| j <-kjjj-cJI < K 111 ft II 

^ 4-M>5 <a- jJiJI <iQSJI <Ui O jL^a ^Ul U i iAIL j ifll II dJj jj-fi SLjaJI AaJS 

<( jVI LjJ Jl j Loj «l_o jj <iLl< I I (jL£ l^a. JJLAJ moll J-£.j .ia. j^JI I (j ~ ftj < 

SjLoJI JS i_a>«j |J Llil dJj vjjjjj "<jLi <<La.>»J ialj^JI {y* J-«l 
J^a. CjIj^-oJI «-j jj±> (^jJI Jjj^oJI ^Aj <4-^j"i'ill Ah ^^ic ^=>.l JJj ixu .(jj^JI 

I d* o->3 ^ <1jJL 20 JlVI ^ If JjLstj <LsliS csj^-j Lfjt-j Li ^-j^ lj-*j tl^ mjj 
L^j! jj» <-j'j^- ^ "* ^tr* «dark matter <.« j» .Jl SjLJI ii* ^ •<-^>>=JI 

CXiK Ijlj 

5 0 _ * ^ 

4 7> M j II <Lj I II *jjb J!Lo LjjIj Lli1 a^j^JI ^ .(jn » mil a % ^ JjL»j < «■> ^> 



Lo^-o J-oLt 0 JA«JI u ^-uaj ifjjjl ,_s - = 0 (jLi oJjJI _i ia._>aJ 1 j J - ■« iiLliil Ijl (16) 

" ' ' ' - ' " - * 



jVI S jUA II LJLt <^*sL, <f ^l j>l ,„ ? V1 aifrJ « JjVI S^Sfl 

i-S^a-VI (jj> tj^-a j»-ujVI Ij-Aj] MACHO j-A l_j_Lo J£ |»^ujli :L4Jjja>j iLaJjL 

tll^JI .massive astrophysical compact halo object <jn ...ill ^ ^ jVI 

J-A J-iJ-JI j ' luAjJI (j_J^-> (jl ^> " ~> nil (j-aj • [(I >^ 1 1 LuLij^S 4-kiol^LoJI 4 n -> iri II 

weakly il^aJI ^ ,^-ljVI i-ijoaJI (>» <J>^_o <^-a ,„-J| aj-Aj] WIMP j>^.j 
[J f t j n >jj - » > ~ .'^ » 1 ... ? M fj] .interacting massive particle 

(jj^ *' J-i jjJLlI 6 jLaJI J— a i— L« iAj Jx.1 j"t £>\ n\ mi ^j-A 6_>jAVI CjI nj m ^ II j 
(jij <Jaii L_Lx» .Al l Lfklil jl (jjjUjllI I j u , JJjJa j^t I j i ■ m< ^yit (jjjjU 
<J «l U . j , m < jjj^^jjjl ^Jk |> i iii^ II I j-A (jl (j-^f 'CiLSjVI (j-o O-Sj 

<T » j ^ « J -> ~j~ Cil j ■ II <JI ->VI J j « j ,^Sfl J-«-j (jJaJI 13-4 <<LLI^ 

4-aj lj_'*'' < - _>-t£l (jujjl i n i SjJ*»^ (j-lj fr jfr iii 'i (jJI (^J^JJ 'pl j n I I ( jn .A LajjJLj 
■LiLjLi C*l a-» m-a l_A j i ^il if ^ n m"i jt C j « a * ,j_o ' j-lt <Lilj-C. J-J^-> 

<jjJiLii jj-a <ijj_iij <<_^>^ii-oj <jjj < i iin< o ^j-c. cJljLo ij-a j .sparticles 
*l ajjJI (jU <( >J ^ Uj .(6 J-uaUl) <ij>*-«. oLuiuJ super-symmetric 

J jja- j jkOt V J jjjj <Li! (jJh ^jUit II jLa-iiVI (^_>J-3l3 (^yjJI <-X-i\ _>JI ^ K iii n II 
i_i > i r» i II c_ijjij 1 1 > o t> (j^-i .jkLiVI j^j-S Lll^a. m4 ULLuJoLjJLa i 1 1—« g Cjlj-ia^j» 

magnetic *n l _J a i!l jja .^»^iaJlj ^Jl <> u^ikiJI lj ^ mJaliLJI 

LS _cuJ=LisLJl JjbuJI j <j±5l\ l _iklll jjji. uliaSVI 6 j jJi monopole 

oJaJ; I jLaii (IAsJ j 6jU tjjO -vj <fj nijt-il 'ii nil j s-L^^JI Cul^ Ijli .<jjLj^ j'i-> nil 
i_i l-i < II Cilj La j Jj-a Ij->1 5j i~>j Vj <^ljjl (j- 4 4-t-uuJaLjJLQJI i_ili < II C»lj j 

ij^aJI >i>j jJt I j-A II j 1 7 ° jVI £ j j-oj jj-Sj j-f^JI (pi La i^JI) 

J-kj «C»I 1 ipil <CiL5j_oj <jijj _ (Jj^jjJI Jj_o jj'i'C <Ui t lllL) (_J jJI ^jljjJI ■ _° J *' •* II 
LLLllL 4(jJJ .Ml jJUl CiJ ^LLoJ^I ^ O-aJ-i ^1 - <j\i iii JSj^^kj 4 4U i^, n 
C>li.U-sj i i ^jjjj <Laj <^_JaJtJI jl t'tVI <-J j U *i I Lli jj .<U JoLla " ■ ■ U o > .^j 

.(jVI ^1 U Iflo Sj^-Ij |J (jil fijjLsJI SjLJI j>o ^jSlt j^Sj 



3 lal *> ft Jj-a- S.> hi" ■> ft CjIj 7. a .11 <Ui ^jJI <5-8 111 II ^ < Lj ft o II (jj^-U 

<jj_JI 6 j-A Jjl dlLlA LxjIj .<Ujj_iA]I (jj't mil (j-l-l^Lo CiIIaj jJ-Sj Lj 111 uLLtt <-ijLi. 

Le .y 1 ill '1 ft II CJjJI ^ ^jJI Jj^jJI Ij-A I4J (jl£ IjLJj ^JjVI ^.iLoJI ^ 

dlloj V J II jLa^fljVI 4j,>»oj JjJ-^ £jti>. llK jJC <K itia.ll fcjjfc jjJI 

<.LI '.VI 4'K mo « JiVI < K ,t. » tJXalJI J^al _ II itiftll ojjt 

.lil^. 5 j tU~> _ 5 j 1 ^ ^j" ■'!»' CjI j ^ 1 1 Jj^- J <6Jj 8 4 ft II t_iln 4 II Cj\i,\ ) 1J 4 K iti ft 

t«f II j ciiLilj mi ^ Ia^. < -^Li II jl i'>VI <iiLL) 

j j t> ^_uj^lIL> Ijj <lj-a. SjLa. <i^j-aj j_o jjj^JI (jl I ' U t j-jJj i— >jl jJI (jLs 

olk-JII ^ Cj^a. j^l djl.ia.VI Ijj^-j-o jjjSLj (ji Jj^JIj -(jj^JI liLla 

Jl .Ij-a. LojjJj La^jLj ^^iJI I" C<»> in ilj-a.1 (j-Aj 'f^** M jl -> « J^U ^jVl 

.inflation (^LiiiVI) ^4 uedJI <> v-^ 1 t^* <j>lilll 

Cj la ?> V jJLl .Ijja. ^_jj_ui ^_uijj jJk |> A iA"ill .LjLc La-uj^I t>"^ p ^ 1 H 

^ 'n ft i «ljji.» 4 ftl£ J aJLJ ml ^jjjlj <^LjJJ5 «LaJ^ J nl" ml V (jJjl (jVI (_jJ^ 

V .^j 1A II <x.j^lu (j-o ^j-Ltl itj^uij Ijj-oj ( _ r it! Lj_ftj .^jVI (j-o J-sl jdi JjI 

j 'l ia ft 4-1 J » 1 <-i 1 Jj^.J iLj :pj lAll 4jC.j_uj (j^ (jdtl <£.^_luj Jji. Wj f-jj-ii (j-o ^lii 

^ p-LAi JJ-aJLo <gV iSuperluminal ^j-.aJI jji ^JLijiS\ ^ j 0 j o ^ 

■"■I *j 'jl J ' ( _ S -Sj t^l --~ a ^ djj ^>j£. oljLiil jl. 1 m~i M jli'i'i V (j^-JJ lujjJI 

35 

.JjLfiJI jkJ .<iaC ejj jju <LuLj 1 0 Jl jlo J. t j i 7 i j _ <Ll!| J j»*< m - f-^j-^s <Uu 

jJ»J ^ 17 'i_LljA]I (jj> ^J^t-J |JL«JI ~> JJ^J 'tiLlj JJLJ <_1_jL!i 10 J£ (j-ii IJJ 

(jl ^1 <ii=k.V <LjLj 10 <j1c (jl^ La i_i ■■ iA (j-o p ~. 1 tSyfL J-uoljj 



.2.718... J-°L)u » ~ — II ^ « ■ fl ■« 10II ^ SjLl«j ^jjtl (17) 



^ - -32 

■ L» ^ u j^a-a-ll j_>5 da j J) La i jl <Luj_Sj <LtjLj 10 Jju> ^ ~> i<~i"i II < ° ^j" ' 
fj\ II ^1 jj^lijj ij£j-uLl £-jLLa Cjlj CjI ~» , 1 U QJ I j-4 4 J *1 » J I n\ i 

7.2 ^Jl I *> I i —j ' i °« jj^Lj a-a-a-ll (jl -.ial^ j'un'i m . j_A , ,31 Ji^VI 

■ gl ■ i ol ij^Uij <^_ui 7.4 ^yJI Lij^kLj ■ *' SI ^ i < » r A » a *«- II .jmiVi in 

220 ^1 J --~*' <i_ila ual 10 LjjjJ qj^j LajAtj lj" ..I 20 ^1 LlLojj 

I a » iA 50 JLa. ^yij J^Lojlj's 4852 ( _ r Lt J ir>~> > U« j 20 ^ i <r»j LaAifcj 
4^15 5 XX10" 34 ^l ULuaj ji (^1) £^j_ui> <Llu 5480 ^1 J-uai 

J_ij-a_>j .6 j -v o II pi ^"i.~> I ^Jl (_£Jj-» o (j '* 8 f I '«"■ n 1 I *1 ol 1 < Jjlj . ^dLlj _>Sdj 

SjjJa. <licLua/> 4laj LLoLlS Jjuj .local grOUP <uU nil <£. jAa-aJI ^1 J ./-.'> LfLo 

/«. A. . II £j|_aj (J^* ,1 (_y-Sj <10 4 ^ J-oLjLJ Jl£ jjj ^ I l<-lVI |> III ^ II (Jj^ 

Jjj ' I ' j" 4 luAj Li iAo 1 0 (J-oLxj UiJ^f <<iilj J. \ n" II (jjaj 

10" 32 jik ,lL JiU «jiL* ^ II* jo 1000,000,000 - 000 ^1 ,s> 
I j '*» - La_4^aj (j --^ » (j-c (OJjjI <i fc, -wM a II a j-A ^jc ^Lj-Ls ■■• 

iLljia <-cu liljjljLui tiillj «<jjAjJI Lj-ljljJJ i£jl.ia.j Jl r\\"\ i i i L ■> iA"ill 

* (j a *' (dJJb j-lajjl 4 (j ~>j (j-oj .j I nil nil C)l J-a.J Jl n ■» " ml t j i ^ j 1 I 1 J i A <l 

-35 . * i 

j"t mVI Sj-o JjLi (ijjli 10 (JuijJL ^ I ■» "i j Loji <Vj1 .4} SaAa ^j-Lc a •-■ i a!i II 

<Ci\ ^lc <Lii t (Vj) i a o ctijJI Jj-a. <LiA_Li <l jJ <CjI j'> ■•■ o^Ij (_j-s <_ijUi (jjjJ-o 

- (_£j-a.l <Sj jjjjXa <J-o ^jji'i 111 s 5j_aJI <Afcl 1A1 o jjj> ^>J^ aJi .^Ciljj m Cj^Ij 

.^Ll^JI jJjj V j^sl II* j _ (_£ja,l ((CjI^jIxu 

•» ' < * ji 

jiVI 4K mo Jjl .^jkull jla-LiVI ^jj^i hi o ^a ualll jiJ ' '.'^ J^! 

* * ■» ^ 

|,ia. Sjjj^ CjLs I "i " (jAni I (j ii^t i JJLjj ^jJI (la LllJI ft-N <<Jjla a 

Cul£ «P i _»^JI ^_>a.VI ljolja.1 ^ Jj-^>^l (j^n-t V dif-a-J tjxLVI iX* 

JjjJa Cj-Sj LfJjJ (jl-^J » I (Jj_o I fl inlj <Ljlj_JI ^j-S Ijja. <_ljjJ iljiajl ^ 

' ' 4 " " 

(^S^aJI ^JLaJI LLJLt (2,1^ ^j^^ }J-^iJ •<S^=^^ LaIj^J JLuojL ^ n no 

(j-iL^JI CjJb jjJI iljLiVI L^xS daJi 5La.jJ ^1 Sjj i .,^a j 5 Ui "i n (j-S La_o La J>a_o 



^-a—iAlJI (jV <J n Jal nit'tVI 4 K mi n j I j" a - j Li^^xC JL»-jj}LI 
<4 -> g't Jaj (jiil jlli 'i n I J * ^ *i oJI l-i i ii 11 q i i I n I* n LoLaj <^jI^L>V1 < _>jjj> fl"> Jl 
Sjjja.j^> i_Ja5 II CiLuLaJi CajI£ jJ Lf I*. <GV «UjK n ^UxklJI «UiLa.t <Jt nidj 
U-° O'fJj «f^l*JI 6-° Liliki* ^ l^'j (jVI Lj_Lo JL*.jj L> /KJ <<JjJI 

JJt-i (jj)*^"" L^jl jji LaA SjLo J J 4*J "' J -U^' LT^" ' * iiu^J *J Lfjl f-^-^lfln.ll 
i_i ^» j 4 In i*i «A "> n*i*!i II JjJi 0-J_jij i-i U Q II J (j-i^. (_j-S i A~ II 

La j <(jiaj Lo_a IjJJ^ Ji^ Uj^^ <j^ 'I A a nV*> II (jlS jJ <j1 ^j-A LaJ 

jVI -d-lj JS (j-o (J ■ A J^. J^"?" CSJ"" - " - (jl I 'ii "i ^j Loj _ ftl^j 

* 0 f * " "* 

■ J 1 9*t in nil <xo Jaj-o 

» * * * i j 

<JLua-o Luajt l_LjjJ *Y ~ II Ijj >-8j*> <-=>-Jj U ft II <J iii nil cJlj Lo 

IjLJ 

dJj, W. de Sitter (1934-1872) _>I^ ^Uj ^oU^JI i-^lj i^JI 
^l .ft i,a^ J ,iiLL p^LLU (jLS Ijl «Gl djJ xij .1917 f U 

«t^LL» * _>jI^ Lai :oiK .t.JI 5 jjIo <Lu^ <Gt ,j& VI v-*^ h\L /mLJI dMlal 
jA JUJI *LAi!l (jl ^ VI ..j^jj <JU. J£ (jJ*. farbitrary <1<^3 Sjli 
inflation ^ .^"ll JLa. »m iji^j fr^L^ s^UJI (jl (j^jliixu .laIKo < t ( e-^ 1 V 

<GL jdLxJI ^ jlal <j1 jjJS <aja uolJI JLx jj--=>l! I^>- iuljJ <Sj_>ia <-aj J .field 

' « ~ »* - ' ** 

<(j^"Jj <4 aJa^j a ^ * U l^j a <J (j_a^-i j'tj'tf <^<jjLLa_)^ 6 j ~* J ft I Jl^.1 j >_i Iri Q ) Jj) '^i^j-a 

.Ujl^l LuIqj ■ i ,t,<H <LU OJjUl dH (jj£ ^ .IkJ^ 12 /ilia 

Lul uaiJI <dJj jjlj <l jt ,.u jj .false vacuum Lailj tiLk Lp^a-uij I Vt< »jj 
Jj^'.'J '-LJ >s 12 jj s-iLaJI jjJlIj <JUJ1 dJj ^ .(jjill L\t jij aj-v j nJI L\Luai 
(jljjVi T,. friUJI (^a-j j^i US (j| .0 iilkJ jj true vacuum 0 tiLL ,_JI 

.jLiiLLo I nfl'^l <L\J lda.l j lu mi 
jlj ..... ^ I () " j jj LjdcLcuj dli <La jji. (_J| j Lis VI 6Jjb cijlS LaJj 

^■fj-ui *\ J^JI (jl (^i I J_>S-aj jd (jjj*lj nj^ll (jl «t lri~>iLeJL> _)Jjjdl (j-o «Vj1 .J-cuji 

i_iaS jl <ji_^jj^j ^ j iAl j-o IjjjJo (jl jjlj <|3^-V Cj-Sj j_j-S VJ <-ujIjjJI (j "> i iij 



j |*S ii II IVi^o i j S< i n i*S pi i i,->l -> 1*11*1 ft t <jl Lij-AUs (Jjj-A J-^- J if- fr^ itij (ji-aJ 

j > ■" ' ^ U II ^->jLj (jl jJ-ijj .P*}LaJI j^f) Lifcj-uajui (j^-> LaJ*i£. £\J.>M 6 ^*> (J 11 **' ' 

j^Sj <|> > *a fr^ m ftlj^JLa :<l > ft Al JJal frl i i mV j*> mljj oVLa-o £j_luj"J (JcpJ^ 0 

- J J 

(j-oj <(jJJjl_»jjiJl jxl nl ft I (_y-S ^Js*" < 8 1*1 nj <X, j*>*> n ols-^La^ 4-aj < ^LV I 4J-A 

<-iljjJ <L a H ila-JJL nil CjLj IVi II ^l-i, \ i'\ t (j^otj-JuJ LaAlc <Gl ^ n n II 

■ » .*•■*■<*> jSj .JjMLVI (jit 5 J J^>o JfC PL-ill <-ujIjJ ^(jjlf j'jJJLjlj jjjjjli (jJUJI 
I i ■ ■ *■*«■ T * Jjl I .A >l - ■ L^_j|j (pi i inl A I i I U n 6j_9_a.^oJI c-I i , T iSU Jjl 

(18) **J|-- 

fr^LaJI dM*Lol ijji j> 4 *ij '.j-A ILat-a I *i_i I f . '-'7»J (^jJI Jlj-uJI (jl 

positive i^La^yi i*-=J >ll ojJLUI ^jJi ^ <jJ*V1 *?^>-»- f ^ iiLL 
IjJ <<jj£JI jla^l <t-!iUJI jJ j*i Jj^l LaK <g1 ii^^li <Vj! .feedback 

oVjLjl^ <dJj j-»-> .jljj*; uj^il <j-l-<ll <5Lkll (jLi <<3lL e-^UJI dl*»J IjLi 

JjJ-a jjLs IjJ <l^_ij^J (jjJI <Li"LkJI £-o JjI^JJ ijj^-" J— UJ^JJ JjJ-o (j| (jLeJ-^-S 
^■■1 ■*" a £_a Lijiaj I ' *■*"' a £_uu_ojJI J JJLo <jj^ i_i I mtj . JJ a*j II £-o Jjl jTLl £_ oj jjjl 

<1LVI ol jjaIII ui -<>>jJI j-* exponentially llLl ^uLiJI jJJhj 111 <j»JL»JI 
ljjj=kj^ * ■ gi II J'**- j*lj La j-ij-uj a, -*^ , x~ cjs^-j IjJ < I j ~> <_JLc <c.j ■ » ^*-l «" 

.(9-8 J£_£JI) 

<Lqj ^j^f ^-1 4j1 ^^-^ j" ' " ' ^^J-^ < ^ fc -'j^ LT^' < K lu n II ^jLi <(lLlj £-°J 

^ TP 

SjUI 

IiA**I*i« I j-4 Jjl^ LUj «LJLi=>- LaJLc ^jj^l-s o (ji irill ^jJI •Lcj-uu.i IjAajl ^la rtiVI j 

,J^J .(jl I m'l II l _lALl£. ^1 LlJjij l_l AJj ^H*! lA" II <L^jj^j '» •"■ nil jJ*LS <4 ij^-'ll 

liiijj 'QfJ ' "^ I I U>5JI J^=»-'j^ ^ J-jJ-=>- <j-a SLxaJI ^yJI jLc ^ <A*i,JI ^ j(| a ft 



.jlkJI r jUI 



oJjj .(^L^Hll jJUJI .9-8 JiuJI 

<— 111 J i " \<i-l <^JLaJI J^l 0 *l ml j J . ri « 

s^jlaj , a irt'i jl <<UjLa ic jJ^llL 
.<^L5 10" 35 J£ .oil <> 

jjj Ij ni l ^ " a II j in < II (£JJJ 

^jJI J-^>j IjIjjlII lj_* <u>£-ll 

' " -32 

.hrl a jjVI £j-oj .3jjLj 10 jjij "CuL^j 
.4-8 JCtill ^ ijLuJI oU jMjtl; 




jUjj^l ^yi (jL£ lal . m 'i II jf>lj-o J-=J .^_^iJI Jal m '> II <j_o (j^ilJ jjLLo _>J>a. 

A. Starobinsky ^ mimjjLLu, ^ fi J o»'> <J L>jlt .1979 ^^^sj-uJI 

< jAl ^_uj L$_oAS (jl^ <JLjLlu Sj^i JJ^J <-JJLJ <Lol»JI <OJ mill <-ijJij (j-o I jlSil 

I I cLV jJI Q .1965 E. Gliner ^Lil i-Ujl 

^£ j-<JI jj£ <-j i mj U\i ft II uJaill Cil, 1 j -t j JlJ < K mi a (jiJjJj A. G Uth iji. 
^Lt <JSLa-o (_jJI J-ua^J j5 J <C»I nj »ii-^ II pLij-ii ( _ y -S 4 K mi ft I j » "~<J-i (<Lii 

.1991 

>uaaJu ^oj; ui <JLsJI ^ j <phase transition «JjH\ JUlil» Jlo iaa. 

"Gjljja. J m~i" (jl njj < Jj-ajj <(j^£JI ^ ~-> i<Vi J^LLj .IjijJLa. j ua-J P-LaJI 

(j i->* «dJj £-c j iiiLlj (jc <LoLa_ui JJLi V JiJ n"> II j <Lj-j>4j j lli ft II ji i<-ill ^1 

* * } i> 

t- ■■■J j_4 j < JjLtu P-L« <jL^ j i_j'il^ ) JI f-^LaJI < JLLliVI I j-4 ^jj-xtfJLlj 

Ij^jjj f-Lo < l J mu (Ji>^-^ *l ft a i A"> « I I iJLaJI (jl .Jj^.j-o jjlL 



JJi 4" t <| <6XojaJ5 <ixij ,j-a Iji'i's <Gjljja. <La>jJ ( ji>^> OjAa£. :<IjLi <Li. jAj 

jl -s "I JMiw ««Lj «K II <jjlj^.» J) j U j <jLfi rSLa-S frLJI „\ n ■% "j LaAltj .^IjLuj 

JJLa. iiUa J£ UlUo f I J 5_> fl 7% *}Li. ^jl SLaJ jLfJJ <lfiU CS^"" 
I , J ) l <4 Uii'ill fij-A J^a It-JjJ ■ p -» i A" II I i j i n j < ( JjSLll Sjlj^. LjlsIjj <p -> . A~> II 

.<jjj jj^I <i>_^Uu > H « II <J_aj«JLi j\ th» II jl ~» a">VI 

<j ui^. (^jJI JjJL-aJL ^ I « ">" (_£j-=J Ci^t ^ iti ft Cjjj-i JJJj .j> A iA"lll j i^-iT <^L^_J 

.jl \ . ... j^J cILaAj »■'«* II ^jj-ulLI IjJj » ~- ■ ■~" II la i (jl JjJi jl [) *■ ■ 

■ O^K Anil 

^111 ^chaotic inflation ^Jl\ ^iJI ^ ,A'JI Sjtl jJI oU j^jUj .,,11 

ol^> <ujj^Lj J-* <J_> ir-»4*i1L 6jjJU <1982 jkLt A. Linde jj^J <jjjj1 <Loji 

<dJj (j-o VjJJ <<JLt Sjl_>aj -^-n iA"ill Jft">,l j^is JLSIjl ,_.lUi V liA .CiSjJI dJj 

,^,-,11 JLJ arbitrary 4jn<^,~ g n j? . j^jJI ^1 b jL LJU. Jl* 

«-iaj-> JJLaJI jLc ml 1 nil Ci5jJI ^j-ij iA'iII iA^. <<jil^ lj » ^ Ji-aJl 

.iLJaJ <jL^1 ^1 aJ> 1 A" II J uxi U^l£. J <( ^LilsJI fr^LLil <iil ^Jl <JLaJI ^1 
^j>aJI Si n ... n II <<jL4jJI 6J_A ^jJI Jj-uo <LLsIjjJI Sjlj^aJI <La>>) ^LLi jl j 

JlHil £jj-<u ^ Lojs jjjSj '^"'H j-^c. ^ya ^graceful exit ■ a_.UHl 

■-4>IL<JI II jl^iiVI Aft J!il^uV (jii; ia. jj.. <_JLc <^jUI SjI >=JI _ 

jOjj jjjI'ij mil 114 ^-i ^jlJI <ilAill oljiSj oL? JIJhLo c5 jJI 

«Uiia II ^L«_iii[ iliiiJI oLiiiJI Luajl j <qIj-^ nil ^jjJ j mill Aik iajMo 



i_LJtj J iA^I JJj (jj^J V jii Lie jj I (j 'if, Loj'if. <ji j <Aj* t A=w ^jJI 

(j's ft J CjIjjjj jkd2*l Lj-i[ jXJ (CjIj ioLijJIj *>^*L> 6 J itfl LjjLj ^ <Jjljj ml 

0 ULL}U SlL5 Jki ^Ul fJxil ^ \sa l£l <?lxll (Is Jlklll j^l 

(jr, I J j » J <G] ^b4 J-* (j-^l j ■ mJI jva --^"H jjjjk-'.l <jixu-<JI CiLi£.ljlJI 

> ~ ■ II jLj /<! ■ ...jL'.i a II ,_ .Uall CiL\j~*J I *l'-j " ml ^^J-ll ,d .La'. II 0 jj g J| pLi-ll 

a-*h i rVil l ixJ&J Ladle ^^la. JJaxII J^sIjj <jjaiill t-JJf*JI aj-4j 

<-j^j^ ^yi jj^jJI 'L\jj£. jjjj ^tj^j LLlJj -cs^aj f^'j*- 6-* o "-^j V j^c 

(j- 5 J O 1 ^ ub) ^ f-=^ V-)- 2 «( !L *S'j u 1 ^ ub) f-*-° J^- 

■£} <(L*Slj ^L< ^b) f^-* ^ Lp>° H 1 * ^ 'C^b ub) <^ 

.4lia jar. |JLc <ui j^aje J<[ <multiuniverse «lja*la LJLt» \^tn ,„\ 

X& i^a^JI <jlj_i ^a Li_»j^ t iti'i I *i ft ILc (jji> £jl <SJ3J ^ 1 

.(10-8 J< mil) olijjL_>l]l {j* ^ j V Lajjc j^j>s LfJ oj^f 

.^kJI JL^JI tfjj. 6 1 



La : ^aJt I ft ftj?>l ■ 1 ft ^ ill oLiuJVI jj-a L*J J-> V (jl j. i f\ [jljAl JjVIj-uj <Laj 

SjLuVI 



f -> i^i'i'i Sjja^. f-llj-»J f-fL^ uij^j ^J^J-°-" j>-"- x ^ 'f "* ir>*ill £jLu -l=J .10-8 JiuJI 

SjV jJ 11 ikaJJI Jojlj <(j_o£JI jjJI 5_>kill aj-4j .dJj Jaj UUlc (jl jJjj LJla LaLoj <ljji 

,><> j^aJj j> j « LJLc (jVI (jkii uJ^ ^ f^;-^ o-oj ^1 f-JL**-" u-» pLUill 

idljj - (jjiluJI ,jj> cilijJj^jj oil jjJjjj Ji5 uj^* ix*J^' pJUJI (jlj j>i»JI £-» <fJlj*JI ^-iVI olio 
£j£ (jjU :JIJ^JI ,jt <j£aJ1 <jj^.VI .additive Lj * - » ^» ^^.Vl (JIjjJI &1* <>>J>JI yl£ lj[ 

yi-»J OS (jj^JI '^"* y*^" j"' nj 1 " Lj-l-« uS^f Lf^' .ULSjJli IjJ ■ < jl'-s n <ijjjaj Lj-j iLjj^ 

.>T jJUl ^KJI iK-ill J* t^uj^ 

ajl n II S jLoJI J J > La-a _>iS1 SjLaJI J T*^-* 131— a_l <V 

.La jjl^o ^yi SjLaJI SjLJ (j-a ol >a-a j ^a-j j-a oVLai^VI ia.'l Santimatter 

.C»l>a-aJI ftl* Jla J>a«J ^^k. JJj 4>?-J (*>At ^1 ' ^-J^ J-o-"jj£JI ^j-e 

t 

(jj^J ji _ (jj^tJJ'^Jfl 11 vjljjj LxjJ-e (jSjy "11 pLiAiJI (jL^ LoJ <<LLiiaJI j 

* e e ' 

jJ jAij «GLa 111 «^La_iVI 114 jLo J-^a^J jJ .1 SjLAxJI SjLJI 

^j-S J^-J I j[ <,J^ SjLiJLJ j .Sjl i A nil SjLoJI (J-o ^-Jf jj^l SjLo '''''' > J ' 

I « fl '» o (jj^J (jl dJ ^Li (5jl i A nil SjLoJI j AjLaJI ^_ya ^Ljl. m*u (jlj^ <jljjJ1 



jiaj , , \\<, .iiljoJI ^ antiparticles SjLAaII .-.I ...... n .-.i n . a.aL 



A. Sakharov ._i jjLlLL ^-ujj^II j_£^_JIj ^jL^iJI J-u»>i all 

'j\ v t--' U\ J\ JS^ <L&I ,1965 f U LSI^I jftljill (1998-1921) 

(iLiLa <oL\>jj>iJI) ol-ijjifJI d)1 u 'n « i <hadrons oL\jjj4-^ * Jd - fc k S ~>" 
_>tLi: J ^lill LjJUl . <19) pH« oLijjifj^) leptons oUjiJ <_,JI Jj->". 
^Mail ^ Jj3 c) <<lfriil charge conjugate parity (cp) <ia mil i^jj, 
J.^ill jJ^il fparity «u^.j>H J^ii p Lot ^charge conjugation <ia*_£JI 
:<j3ljj-ll ^aLill tf Kj sJa-Lj t£>?-» 6^ y>j il^VI <jl j-a oJLHI Lj-AJI .(6 
J}U. frozen in ^ sr'>j <L<> ^ '4 'oj'j^ 1 l*- 5 J- 1 ^ 

(GUT's) grand-unified SjJLj_JI oLj-kiJI $\ i_aj-»Jt t j^i 

oL\ jl>J^-" uh> <X>^' cr*-^ (6 J >^i\\ ^ Ulia. j_i <^iJI) < _> .^l^iaVI theories 

j W II J| q ~\\ ^jj^j (j| J^5) <fJI *-ll SjljjaJI oLa-jJ j^ii <ljJ <C)Lij"i illlj 
^j.X « || .j I ^ > iij" jl CjLjjjJ-f-Ll ^"s n ,t <^CjI oi i ii -v 11 i^-i I j jj ft t 

ij^JjifJI £_SJj CS J"^' (j^i ^ jj Jj>-Lj CjJja. <jLi Jj ->">!! liA ^j-i j"i II I 'i 'i^ n ij 

. <UjLiaJI CjLjjj^jjJI (JliA i ill - 5 (^1^ - ■"•Vj^ Hll 4>j_A l-i » i ijIjj .Lj^jjJ ^ i ir~i 1 1 
j i'i's II i_9jJlj V LljLfi <JJI_> «* ~- ■ ulj <-ijJaj ^ J ^-J^ L-U mJJ 

<->jl-i» 11 CjLjjj^jJI LJLa. ^ o in" ( _ f 4-' lj-1 <(_5_jHJ 'tloLaJI Cil n i iii^ II b±A CjI i i«"iL^- 

^f-f 9 a uge bosons 

s> t> tf if S= 



iMi oil >Jj11I Lol (SOjXAJI 6 J-Lll <L_^I Jr-Lili ol ma ^ CiLi JjJ4J' (ji 6 J-uxaJl ^ Llil j (19) 



~ uaj (jl (j^oj <X <jjj,>jJ jl .A ft II 11 (jLi .JIaJLj .antidoun quark 

j * » » * 

Ijjj .down quark !_">-»" l^JjSij <(<jjjljjjjJ IjL^-* I «j "■->) Lij>»£JI uaJ 

ijjljJ jkJX. yJ-Us. ,> Jj <}Lli (jj-fl±LLx Jj-jJ^ ~> ft VjJ_a (jL£ 

(j-o 4 i jl , . , ~ a . tl, \ ft 4 nil jLS ^*ia <Sjl iA o II Sjl—aJlj SjLaJI j-u J i *i 'A 
(^jJI (jl^-aJI jji lj-4j .<jl ( jl X CjLijj^ajJ S jl 11^ ft II pl.n i in^» II j X oL\_$jj-iJI 
Oij oLxla-aJI dJj CjVjj-o Mali i_JJLi (jl ^jU"i .m_i <GV (CP JLfjjl 4ji J^-Aj 
<Laj J j » ftj <(j-«^JI ^j-S ^jJuiiUI jLa^_IV e-^LCa CP tilLfl-iil (jt Lljt_j 

(jlj <l ■'* -j jvLaVI (_j-ll J I ^ 1 1 ftf. (jfc La j I t n"l (j*S n > V *I_X>JI ( _^Jt -Jj^ 4 > I nr 

(jLa^j (jl (jSfl oSIajj .«lL££ <iiiaJI (ji ^j^. jj (jjSJI u-a II* ijjlj^l 

<jjS ... Lai .<jj^-ll ^j-S <jjl>J^LJI '^-4-' J-* Sjl io a II SjLcJI ^^lc SjLoJI 

(jjljLj (_^ill J-A ajji. j LlaJLc (jl£ Lojjj .i_ijjJi_o, J^iC. Jlj Lai i(jjljlo jjit jJLrJI 
_ }L»J lj^a.^o (jL£ (jl - J££ J J . n JL a JI (j^-ll (jL£ Lajj jl Mj_A (jjljJ-11 (*J-C 

. Lo^aC Ij lal *'" o 

iilaU. Sjii J^l SjLxJ j.LukiiJ .A^jj IjLJ m nil ^JL^uJI 

^^ia. jj~.<i ... lis .string theory jLijVI «ij_>l»j cj-o jj^JL> J""'-> n ■ 

I-AJ J^-J <_£-!! Lx^j-uj < ~* n\ (\ \\"\ uLi <jLjjVI <Lj k'l (jr. J a II I j-A jjVI 
«Laj ,jt Jjj ,Jj» \ S*. ^jJI <1LoLj CjJIjLo 4j^kjJI (jV dJjj <<j^i,La. ^ LaLj jj! 
(j-a Ia^. 6 j<: j ft II Ja-lj^JL < I ua H iS^ j jLl jVI <J>ki (jl ,j-Lc oVVill (jAjlj 
^ii.1 jLijVI <J_>laj CulS I j[ JLaJI 4jlr, (jj^J ^1 ..i-^j Lo I AAj _ (jj^' *■ J ■"*' 
I jl j *il (jiii j»J tj^-ll (j-^ <-lewaJ (jtj - SjLJI (j-S «ij ujI mVI C»Ltj II 

^-jjj iS t n Jl jj-o (jl i < I I jl a 'il ^1 :jLjj^ Ijl a 'tl a >l £ <ol n < iii t> 1 
(jK ojl UjI ( ^Uui .^^iJI (j-o v UaJ jL^Lil (j-s Va^ spaghetti ( Lf l£.L ■■■ii) 

<ljji. <aJLc Sjljja. oLa.jJ ^ jj» (j-oj _ Ijji. S j*N t n II CjLBjVI (_JjJLll ^ > ta I 

<Gl ^j-aAJ lj-4 (jV (LoLaj l^tj~> i<-i (^uaJ I jjb .SoAJI (Jiiij _ jjalTill jL^jlI (jl Jji 
^ S II j SdjJ itiJIj <L-jjl -s "i II ^jill (jLs (jLiJ ol J ■■■ a II _>^t I j| 

S3 ^ :# 

(jJjVI 5S1JI (ji ^1 <Ij^. j£j-*JI (jj^JI ^ UjjjLL- ^ Li*: JjLUi; V .All 



'4 



j^LLsiUI li* <j£> jVI tjjiki jlki Uilt <:] (8-1 1 JS.t.ll) di}L <islJLJ 

t^j^j Jjl J- jVI <j>l»iJ <aj)_)JI CjLJIJI (^Aa-I ol llflj aSJ 

I (j ') a <G_uj ^^-ojjl j> i«Vi La, A i f. djJLJ j im r JjsJi) 4 _> , ') ! *C n jLt_j! 6 j i tir (jj*^ I I 

i_i j-HJI jLjjVI j-cG i±j_> -> <Calabi-Yau jL _ ^Vli *LAi ^ Sjjj«.j-o 

(.Lull aIcj .Ju<l ■» » II 3j>1=JI >» anti-strings SjLa-JI jL\jVI <Ij^.Ij 
5 j m i t f-Luks jj j i <V> 1'iVsnj IjJ a_i I o j *> li <j! ■* A n jjjj jjj 

^ 9 ' O ' 

U *^ a ^UAa jjtj JjlSu LJ!Lo LoLeu <jLlu!jVI tj-o pLAAJI ^ '> n"> jtjVt (jli ^ 

d I iii Jj-o <j i i II Jj ^.j ^LiAi j i . jjljI 4 < j i ~> ^1 jjVI J I -> i *■ 

(SjI iA n II SjLoJI ^-o LjJij _> U 'i ^jjh 't5j^=>-^ <LtaJLj j jjLi <abacus JojuaJI 

(ju<\ t c jf^J ^ ~' n L J^J Vl <d=jj_i <(_jjAVI LaJklj^.1 l_il nr LxioJ (jlaJaJj --i 




0 

jj<i"ll «dJj <> Vx> <( JjUi Lojicj .(12-8 JUJI) VUiaJ J5I ^1lUa131 
jLuVI tjj^i VI ikjj-i Ja1=>_o L^JMi (ji u^A; <5jLAaJ1 jtijVlj j^jVI ^l&i 

jLljI ^ L^L Lfji jj< «" II (j^aj ^y^JI SjI .Anil jLjjVI j jL» jVI ^} 

I j-4 J <<Jj.il j aJI jLx_iVI jj j A \ 1 () int i , - *i 9j (Jl J n" -» n II (j-aj <<j J-S-La 

j A-n jl*J £s}£ J IdA .(13-8 JiJtJI) J=Lu^Vlj jLi^VI <> Ifl'^j 

■* ^ * f. 

.o5 ^jJI Jl,_^ Sjj^-a-o jLa-il 4jjuj «A"II ^- aJ JJ «4jJIjJI <lL».j^> 



^ it* U'JJ 





J< All) d I „, ^ ^ 



.12-8 jSildl 
-*j - (^j±»Jl 

I |J mi I i**tl f ^ "'I I I A |J I * |> | \ Q '^" .J ) ^ * * 

^ li ■■■11 .Ml) >l loL» a,) in'm ^jJt jJjLL 

<jLj^_o j-jjj >jj 'o'j-^j -13-8 J < m I I 

^ l^a. OjlJI (^jJ^jIj <>i.VI LoJ»ia.l (jlijj 
<jLSjVI <j_>lkiJ liijj ■ la ■ ".'"■J J J ' ""*'.' 

^ji^LjJ Jjl J o""* fil l Jjj ^jl ^Jj jLl-fc ml" <-aj 

jbuVI U .^Ij j«j iLSUI iU^JI 

j iti "1 'i j Mi IjJ tsjj •> " u $ ' * .' * .* "' * II 

jIjljVI jjij jL*_j1 iiMj ^sj-ui Ut im'ijj 
.^s JUI HoJUJ CiliJI 



LILSj una JjLajLlu SjjJLLui-eJI j*. IjLai i^l n.ll jC ,±tj J 1. II LilU jU 

.-Ola «Gl 

.5£>aJJ ofJOf-a U£ jl ^Ljjia ^1 <j' moj <^b£j mft liiaJ J jLLc ^Lo^J <-aj 

J)\ ~> ui'tl jj j-ftj <l jU n (_>*^ llx>^' jl LuojiLe jj-S^Uajl < \r\i\ jl" --^t i ,i 

JJ-aju in 4. nilj'5 n jl jvj <LJL^. o j-a£ j_J^JLj ^ 1 1 5" in n 
<j It> <LajJ ' JLojJkJ <Laj j nij^il La <J J it ft II SjiiJI {J Jti 

Lojj * Big Crunch pjkr jl -> nuL ^^"ru ... j <<iMe LIU. jjSUli <5JUJ t>±& 

. j U mil j-o cAj J-ii-i jj <t< ioi J*j 

1 xaj j J^k. jj jl <JjVI (jJI jj^JI t^A? (j' J ala ni l j-e jLj Jjill ^j-iS-i V 
^JLsJI i 4 n.<JI )j_A ^.J-ila jJL) .£jl uclJ ft j! ^^Jx. iJjVI j-a JJ-^ JJ-C 

J ft«"> ml (JjLa jl _>^jj-ll 1 1 j 1 f j .jjill ^ Saxx-j ^aLjj <J jV (^y^-jJj-o-Luj^JI 
5Ljj oiij^ij <jj; j .olj^JI jc jjlJI (jj^a'l Cepheid CjlLiJI Sjjii&JI ^j^Ul 

jj^'j .frj i A It Sj nil <JjUta>_a (JJjLxS 

' » to 

jx 4j-iji 4* > *■ jJb j _ i il jl. jj5 j».jLi (jjo>. Id Uft'lll /j-o jji-iJI jt" i ii ft II 

.binary system ^iUi ^Lki j^ - u^ 4 j^' f > ^ .» <a ^- 1 <u-< * ■» H 

<x. j iA -> < _>*i \ II (jj's'i j '^^l-^- (j-o Laia.Lj ^jjJI S jLtJI j-o ...sis jjj « j « t> > 

^ LALLuijJ ^jJI II liAlll j-o iJjUJI Cil j., v l m-all U^Lkj -£J^ JtUlJ 
j 1 1 ") l I ft i 9 Ij 7k <( ft !->*> j ft Id I*. ft i II (j-a 4 ? "il 8 II CjIj » "l iii ft II (jLi t jll .ii Cj-Sj 

^.LLo ^jIj <4Lijl ALjJaJt S jj ».j ft II ^ j "i II Jl ^ II j.* I ,ftC 'LfjLi IjJ .L^JlilA^Lj 

<ijr (J a Jj) i^-i^-aJI LjjLsUL$ Jl ft*" ml I 'i'i'v ft > j tp-j io II Sj iSJ 4jjLx«-o CjLv*k.j 
IjJJ^ ml 3^^*-" j«" luaII jl jji ^1-sTi (^>a.l Sjjli lilliAj .IJlC LajLvjI 

.Lift j ■'*' < v ■ JJUil c-l i .til <jluIjJ ^yi I j II ft»"t nil jiftJ IjJ t4_ijl ajill ^ j ^ ,'JI 

ia.ttlll j-o ill iSjLill CjI jl") mi fill jjs IjaT. jl 1 998 ^Lt i-ft uu£l ji j 

Ij-A jl^ Ijl jl iLlLLJLft jjiJI ^-^>i '^l La-o U j-ui cxfjl ojI^ la 

< 4 -s j ua LXaljLo <Jj^l jj*sl jl <Ua_ij_iij . j " _iU> <X.j taj ^ " ->. Jj. \ "> _> ^ m j"> II 

^ jj| jtU) |jjb <P jUJI (jJI ^ m S i1 ^ylll <5Lkll tilt iaLU jtlo jj 



u-° SJ u 1 -^ ts'^j 'Cosmological constant J-*-** vi^LUI 



'J-jLa gjljj 4"i i 1 1 Ladle «<Gl In I'v't ^ Inf 1» &LI lj j"n ft ^l^lsYI IjJi (jf I"' <m\jI dlj 
jiAtLj)) «U ^ji j " rn'ijl jl jjj (jl i"t II SjLcV <jSM <jl»ifJI CijLa. dl j 

<T Ijj ... * II <LA^LiJI <LSLkJI (jl .' 20 'a_>il Lj-aJ <LLJLaJI j-a «<Gl Lj a 1 
dUjj iJJLaJJI (j-o j±Lt J\ <dark energy <-o2j«_«JI SiLLJI ^'n .,."> ^ ji ■ 

j A j II <jLcjJ| J . . ... (j^-Lfc I J "'J" « J < «(_jiijJUajIa-i*ij1 ^1 5jjLj £jja.jJLj 

cajU; (>6 j Lklj cj jJI 4 '<< o n II oLa ^jjl 1 1 1 II .quintessence 

(jjj I JjJi (jjj I ft JJLJ llLljj _ ml '| ft II Ci-SjJI (_j-S < 1* 1 A CjVj-3L-a ^1 ^-jjj j i i i 

<jIajJ ^j^j-"' ■■■ <dJa£ JLaJI lj|j .dUj j^j jl <(<l^u 10 30 ) <Lu* {jjjiLji 

jLLU li - II j-<JI J Laj "I 4 " a " I a H LjLLJI £_o <Ljj1j <LilL* <JjjJ ;"nlin 

tjlia.1 lO^"' jjl J-J-S a * (j-l I 1 "'1 ^— ij "'II Ij-A Jd-oJLlI JJ-L (jl (_>^_)J-sL- ujj 

» a 

j^J* je^- 'j-* u^J "->j^ <^>ii 

.<LLuj (^jj^Lj 10 <Ljljjj Jjuj "iLljj 'La J^a. itj-tuJ (jii ft iti II fr^ <U>"t iii 

J^-a. (_)*SJ^I J^J-a J ^ a lj l~l*S jjl "> 1 l C>J l~i 8 lj 111 LS^LoX. I >^ ^ < I i I in 



'(_>-ajVI jJjuj ^jl J-SjjJ LjJ ft uij __y-oVI ^1 4 U_i nit Zjiaj jjLfl IjJ .(jtho-ioJI 

J-J-C l— t L^_tl_4Ajl J^La. i_l~> inj ^j^jVI (__y<aj in .l_4jlj_a l mj 4_>l_Lj 

^1 ^ () " in (_jj3jVI (jl (Lftjl^a. 6Jj^.__»jJIj Ida. <iiijJI j i i ii n iii II SjLoJI 
J^j .LujJLi <j_tu 50 Sj-o <jjJjJ L* j-> 'i L^_*Lajl JJl_l n mil O J-oJI 

(Jj^aJj 4 j I n r J^La. <j1 jJ» Jl ft"i -\\ <L<J» j .itxij I" II <-« I n f ^j-S ^JL^I |-l ([ ■■■[ 

LjjLi (jjVI <ulc jjfc lLo cjI^-JI cjLIo L^c-jU m jLjjlj <jjka.1 jliLac ^1 hi II 



a lA (jt jl <5jlSI jJt OL.L| ..it ^^ii kjiijl V t^jJ .t. / -.1 ^ j^iKJI Jdc (20) 

4>1» ^ ^jijJI t> ^'i'X n"i ^1 <JJ^iJI SjUl liliLlol ^,1^1 (j^b «**ilj I a *i«j oilS Cilln.^'ill 



uaj jJ> (jxj <»1 ■Aal l ^1 LjjjLo ^ Ijf^ I j-^ jijl^u 
(jl <Jji Lie cJji ^pJl 0 .i « mil Jl3 jj* j^il .iji .All ^jUJLlI L_tl 

<Sj-AjJI Lot -^l-^J (_yJl l^Jj)~l " ^jlilj I J iVs J»" I I jJjj l(_yCSjV! jlj-O J_1XJ J~ 1 

(j Aj 0 ^.jJa jjJI (J . , o mi I I Jj "i " in niLlj J^Lij .1 iAj| c.1 1 i"i jJLs ^LIjjL^ <j-*j 
^ ,^111 ^-^'ill (jlj IIa .<uJLaJI (jua All <k£ ilLuai JjLo <"il'i< white dwarf 

A (j *1 ft jJLi^sl Lt -jJl ^ J) 'l II (j-0 J 11*1 5l 1 j jl !•> Sj-0 (_jjJlj <(J " ft Ml I I (j_ft J i'SI 

.frlj^ui i-ijlj jl <<L\jjjjjjj Loj=kj Lol ijjio (I i Ajl L^oljJ ^(jTt" nit 

* «.„ 
(Jao LoLtu <&1 it II J 1 9 (j-^ I (j ^ J)"^ ' Ci-oljLo «t >~> Jiij jl CjIj-s ft II ^ i U"i mi" 



* 3 

f-LljJ .6Jj2».j-o £jj mm II CioljLo Slj-> II JjJs ^jlt Ji»J ^^Ul «£u 1 1 Cil « ft"> n II 

Lfj recycle jj.aj oA" iLij-kJI (.f-Lcj <LajjJ»jj ^j^-lll uj£> oij nl >vi ^jlt 

jjt_i 4 " )l (j 'i > j *. II (jj^J j n-if J i«-i I (jl J ft~ ~> n II (j^i <l-£jlj-=k_o SjLaJI 

(jjj^Li 6 <LljJa jjij ^1 (jjo^j tilJj (J^Aj •( < *-j-^" 10 14 J <LLiu (jjjjjjj <A-o j-a-j 

„ * ^ i> i> 

k_J jJj < l Mil Ml ft 1 1 Slj-JI jkji-L^J Lft-liC 4\\l ft <LfljiJo <JJA_U3 1 l ll't'l I II <«G_LU 

4 ilnr ' "j""' Louilcj ■< .1 n ftVI J i U IjA^. (j^^jjjo mij^JI (jtiljtftlLi <Jjuj li* (jSJ 
Ljjjij Jjl 1*Lft JJfj-a (j-o <Uj-o Cilj a n II (jJ^J (jl ^-S_JJ-I1 I 'i'i's nj < ^ fi-s 'il l (jj.*\" II 

jl^ LjJ tl jjLj fj-e-*) brown dwarfs j Lfn II ^lj-5Vlj > II f.lj-5Vl (j-o 

j^'m (_gjj MLftJI jl'i'C (j* JaI (jjii (jl i-f>J I j I'l^J 1 1 (| IU m iV t^i^J V Sjji .irB 

J ft" Ml I (jl (j*S ft ft II (j-OJ . g-lj^J Ml II l_J J^"l II (j-O 4 ft 1-1 "l 'l ft J-LC <X.j) ft ^> ftj <^6^J 80 

^-aJJJ J <j.ft mil j^VI 4 j-A m~.Ti LoAlc dJjj « JUj-i fiaJJ ^ ft^> *>JI (jj^lll 

a -> ~i l"i j <l i A >1 j» jl ... a i i II jJjJaVI Lol .LfJl » miV LjJL^ La ~ J ■ -~ ' j 

<ia j,^k 'i J^Lik.j (Loj^-j ^ "7*"' '" t-ljj mi II i_jjJslL!I (jLfi ill L*<^ '^f^ Lalj^l (jj)*C"l I 
^-S LiJ^jJkj (j^j* 8 ft II pljj i ii II i_jj t^i II (jLfl !^<4 'i iii 10 ^ 4 *i iii (jj) \ \ \J1 (jj « I «j" 

<4 ft i A II c-ljj mi II i ijjQ 1 * II (jl_j lj-4 . Lj-aj ~^ j O ft () " 11 (jj's'i iii C*lj ft II j^lj^> 

dLa^ul Jlo <jJLaJI ^j-S JjT-" ui <Ajt iii n iii Jl"^ (jjJ^-J 1 0 (jjs <Ujji I j l"< ^^lll 
j j Mir Cilj ~. n H (j^i Qj -> i" (_jjJI S j_>» m-i II <J j ■» i /J l ^.j) -s j 11 4 n^'tl ft «(jiijill 

oii jj <jjjjJt L^j^LcLij (jj^l nit <5j_ti i^» LoljiS |L j 'i II 6,1a ojl^ Ijjj mi 



* tf ' - 

j> i 

JjLij luminosity jJb <J <j-^-JI ^.IJ-BVI » <Al ^ uS^i *J>*J cjj-ll 

.Jalj 400 <Ck.lU'> ml L^Ux 

^jJI .Hawking radiationh ji£j>i tS*-^- -oj-s *IjjhJI ^j^sUI 

,^-<ij <1974 S. Hawking j-i£>a q«j" ■» >J j n ... ^Jl t>^j-^j-> iVr. 
(dJjj ^jl*: L> ISjLcu Li^>£. jSj) Vacuum *MkJ1 : tf JtUI ^xill ^ <ui jj<fiU 

.JIj^JI jbu^ 

* c _ is-.' ' » j * , 

V c-LALII «l ati'io Jaj jjl Jj-uiVI < > a*t 1 Lj Inj^t nil mil jJt j <J 

■W i j '3^^' J-^^ * f ' f 1 ^ jSj^C <fr^_iii I (j *t a Ci U i (jl (j^-a-> 

(jl <KjT>ll (jjiJj .(14-8 J^SJI) jiVI jrjla. ^ il^ii ^jj-^ 



LL.il y^U ^Lukj .14-8 JiAJI 

j_uJI (_i j'i' II SjLa j,ljJLi ■ ■■■ ■ ^Ul 
jj-flLj JaL^A j^_mjVI i.iiMI .(j^-iUVi u (j^j 
<Schwartzchild ,iljl .^Ij-Ji . a „Vi d 

.t j-uiJI ^^la. (ty-i <lo iMiVI ^liaj uu V 

(■ „■ f _■ ' "? i>° Ejj 6j^» 1^! *j' 

<JjVI J^b jl ■A n II uia II Ivjj j a a 
.JJVI ^jLi. oji^f -i- 5 f .' " ■ ? H j 

* J 

tt i.i^ II J^lj-iV Sjj a « II ol n ..ill ^1 l .nVI 
l j m^r j » - iff a . . ..VI 




<LikLo Ijf*j <3LL J-^j cJil c^oll j>j ni7> II ^1 .>a.S?l ilijj ^ °> uia 

«GJj^ Jj-ujI JLa. .<Uaj J-a. 4 iL« II fcjjk .^jAikjj t_JuJI <1j£ £,Li 111 

(jjiM ..."> iilaajl 6 ill <jL J-5jaJ1 IVi<nji <S>a-o £Jj£ JjL*J 
LiJj-o tjj^JI jJAf <<j-ui 10 1O ° (■LAj ion Jjlj <GI cllj (j^il-^'t "i't £jl 1 iV>n i 

' " I *' a I I c*ijJI tj-2j .oLjj^Ijj^jjj cjljj^l^Jlj < ^ mjU I \« o j-f^ o-° 
£_o j j «" i ,,, jj^SJl ^ ^Lxji^U <Ua.jAll JljJoVI ^jjj lj-4 .lj njUr^ lx.L»_£[ 

f\x-u\ ~ j i qj 1 II jl ^ fl'iVI jJJG JJju La£ LoLaj <JJ-ajJL (jjfDI jIj-gj_ujI 

.<jj£U <LL>JI <5JJ^' <UilaJI 

- * * - * 

<l Vtl j-aL j LajI jLij[ jLjI £_o Ci » all La ■■■ u aJI Jjl^o^JI (£J-uj (J-lj .LiAjI 

<^jjtJI jjl^ 4jIojJI ( _ r ii .LojjIjjJ iljLk-o o mjl I HjI o '< (j^J .(j^ (^j-ll 

I ">l « -■■ > ^j<'" ■■• IjJ LK JU* £LAi <-a!i <4jI o j H ^jii <JjLLJLj .^IUaII ^jjJI 

<lLyj_o <<_ujl-aaJI j S «j > It > » uu * Jol iTi'i.i Cjjj-clj pLl^I LljV a^oLc. 



9 J-aiJI 




(_>a-ij .1 ~> i<^ilj i_jljjaJI JJJJ (lilj^. jlri'u Ladic Sf^^-ii (jjjl uiO&J Jjfc ^ 

(jl^aJI °'~ *■ .SjjsL^. 111 ^.skj 1 "i inj-> (jt jj-u tl i A il Ljjk S^LojJI 

La <_^J iiioJt (_^a Lo tdllj £-o <<G^J <(_JjLo j_ic Lajj - L^-j mo 4" 4 i<-n 

(_u^U _>^1m (jLojJi <<JllLJI JL»-fiVl jloj dA-O^ ^uL»jJI 

t*Kfl ^ ^jLojJI SjLljljj . (J iflj uia 11^ ^ (Al all (j- 4 -* j -JLlll ^jljJI d^Jl^j j <*^l ^ II 

* " J £ " s 

(_£dJI ^ i n II J^o <Gjjj jjn.Tvj (j dJI J t >t"t m nil jj-aJ (jLojJ f<jil jl^JI Cjlda.VI 
I JJI J f j\ h" 'i o i £-3l^-oJI L»_o (jlj i (jl *s n II j (jLojJI l 

< < _j— uijjjJI 6jd_ua-o (jV f(jLoJjJ1 Jj^-J (j-° ^ I ; I I J )"'.*'..' (| fi 1 1 ^^jjJjLS I n fl I -» J 

£_illl!l ( I_luI_lu! <ls _4 _ ^1 ilaa.VI ^ ids. jjito _ causality <UjjUI 
ujJ^uu dlj (jLs <(_,Sfl lia ids. Ij[ <j1 ^ylai-o-i :o-o>ll J^li. ilda.SU ( _^_ v _LaJI 

.lilld jaj 

(jJI I J '> n <jUabJI jjjl ili>^ a^-°-"j uLoj-LJ pljj "i t"i II 6d-A JjLo (_^J 

ikij (j^ Voj t_a j nil_>4l <j|jjl ciljj m<"ll aIa o>^j di .?jt_ia^ II <ijjcJI 



<£j_cu-a ^JLaJI jl LfcjLLo j^jjJI 4j ui>la II jialJI <^a.jJ (jj ' .i-> "t j_a Lij jK ft 11 j 

idiii Jjjo ^JLa. p Uif 1 e>j?Lk i il i^il'sl dLjj j ^jlc ^4^1 l_i II -> (jji^f pLo-LsJt ■» i a 

.J^aiJI 11a ^ Ujj ■■■•<■!■ ^1 

jljJ-o Ja_i jlS (_jjJI <(j«ajV1 — ^ ■ ■' ^LuLi (jl upyi t JJ Lojji. 1 *t"jl < S~> tjjj 

J_U -> " ^j_a ^ ft I * II ^ o *i ft II pi ft h i (5^a.l t _j-LaJtj j .1 (j '> n *lj-a>1 c^Li-^ J-J <dLlj 
.SOa.lj <aij »Jf^JI <Jj-uiVI isJLsca JjLaj V f-UJLa r^^L^jl j£aj Loj £jaUI 

£jjJI <_ u3 Lkj j / -■! U.^ NJ „ II ( * >Jtt ic. j) n n tjj-Jj I *> ft j ^LLLo (j| 

* 1* 0 ^ # 

.1, lln'i ft l() > ft iii'i j->S> <"i 11 jj-S 4 I j *m <jL^la j <Cil niljB I ( j j ft ml ^^IjJI <l j *l ft ^ n*S II 

^ij <Jjl5JI jljf-J (j- 1 ^ 11 lJL *4- 5 a- 1 ! ^Lf^ 1 (j-* ls^ Cj\jL^J\ 

tcJf-\j^\ i « I J « H (_£aJ (jl^ .(jln't ft II jj-ijljj-dl j <Cil ml till jjf J ft l lj jj lLIjJI 

<JHJI Jfj-w ti-^j 'uje^Aje-" U- 0 ^ ue-*W ct-'l ujj 5 ^ 

j it I lAll ^jljj^i ^_J) 0 ? 8 'cH-'-^Aj-'-N ^^jJj <jj'i iii II i—i^l Jl^lo ojj ^ ^ .' ^ !— 

^ ^ ^ " ^ «• 

if 

<ljjlj <jl^ (jLaJ>Jlj (jK"ll ^-IL^JI l*tft([ 8 CjLojju ljj£. <<AlL> II j 

(LjJlI .3 300) (jiiOjiilj <(L-ijJLj .|k .3 500) ^j^cLlti JLox.1 LUi 

6-Vj-jl ,j-C. I "» 1 ill u_i_)_3»_j V jl 1 <1 < I ft f J .^Lj_1j_Lj .jk 200) (^^J-j jj 

jjjL>S Jju Ci f (i *' f >^ > - > JJ ^_y-^JI jjljJ-ll J pLil's^ 11 ^ U< o jl Loj j f(j/->l -> itiVI 

■* 

Jlj Lai <(ilJj £-oj .^()'<f 4j L\^kl P^j-i ^1 ^jlt jL<u£.VI I Vt'C o » <p-pJ-o j-« 



# - 

.empty space (^LkJt) ^ jUJI aLAill oll^U. ^ ol j.Vmll j 



j> 'tall £uLDI I 0*^1 •■■ ( jj^ J La-»J ajLljiaJI J J L^Illj < «LiK-> t I i* J fl" ■■■ 

jjaJ J-lS jMJI dill ^jJi. c^.j,3^U Ajf^iS ^ ^Ijjj^a. ^(jj^JdJI La jM-J 

iixijiJI pLuiVI (j-o ajj-^u j»JLt ^ (jiiLc. ^jjl^jj^a. (jl J >V> 1 11 .<Luj 3500 

I _ _ . > . ^ 

.oljjt-iJLi (jiiLSj ojl^ i_j_>iJI ^1 jj_>-iiJI (j-ei (_>iil5j (j^l c»Lfll uia JI 

llj ■■*->■ Lfl-l-lc ^ lj*' ml 4 II ^ i ii n I jj o ~» J ~>1 iii o jiLS Ladle J 

I j ■■■la n_>5 lj II a ' j I ■»" <La J^>-*-o j ' C ■_ >1 ' ■•■Vj .Lg-fc^Lual (Jt^ajsal Ij inL5 

dis 'j^jjf La£j .cjIjjLJL j! jLlaVL Lai jLLBVI oii IjK mj LajLLSi Lj»J 

^jl^ iJULaJI J \ i in .Laj< n-^ ^jJI jldc^l (j-S j^l -v ni'il j»dc n -a d=».J 

1 20 J _iU" i nn JjLa. i_j^i»JI (^Jl Jl n iA \ (j jfl 7»" n (j-uj'j-*- 0 (jf*-Lui J^aJo 

o * * 

130 , I JLa 

<L>-" 119 j SjjL 131 ^kl J jU" inn JjLa. ^ i_»jjJI jj-Ail <^e (jj () ~> 

(jljdjj ULS j)j Li ^ II LjJLLwj-o ^Ijj-o-s^ .SjjL 185 j_L-5Jlj 

1^ if if g 

djJUjJI f-LiJI jji dli .itjLj <jja.LLo bj>?Ls <J Cjj-L=>. ^LjVI da.1 

jxdi ijjt i*C dj . jLLaVL pLfll luaJI ^ Laa (JiiLijSj <olda. jJL> <aLlLoJI <LajdiJI 

Cil n il jt J <dJdLt .jLLSVIj ^M-uiVI JljiaLi SdJd^a. 4-ajl_S aj ^.1 mo <U 

LaJS Ltl^ ^jlt-y l«l .^i .Ida. <LiaC j I J lAil 

oL-LUI 6dA J :? -- :J P r \jL* 169 Ll£ Lajbl^ij ,1^ 119j \JU 120 



^JjLj JjAj. JixoVI ^ »Jj^.jjJI lilt idJjSj .(jjUL ^ujj j) ^15 jVI aia lil (1) 

.Lju . f .J1700 f U ^1 Jjx; 



.LpLiUJi! jyt jksA ^ Uii (JiUjVI J^ii <J*C .till 

(jJI <jjl j .tiC ^ jjjj Cul£ jifi <jtLaVL> J"Uj Culi Lodit j^ia, (_jjJI <jLkiVlj 
A^^kSj <l jlo 799 J I jlo 960 alvLua }tLa. dloJ £ jlj>^ (jl£ <Mlai .La ^ 

AJL* 43 j I^jjjs 60 ftUi-ua }Ua. Jlaj <JLo jLs\ j^kl (j^J •Lh-' 1249 

J^JLi <GL2_j d ai£j SL^S £-Lua tLSjJI JjjLaJI ^-iljj * ~> £_^J .l_^!La 75 6j-La-ij 
MS <4~->l 1 no (jt jiajJI ^JsiAj <JjLi. (£1 LijiJ lj| 4j1 JJlS <«1(]*),^ j» 

Cj\ ml \t (jl .j l-i < II J-^j-o ^ 7» > I 1 »l <l a . ftl 'i t 0 4 i ajX j 4-J_J-la ij-o 

^jLaJi Cul£ (j j-^ l mff JI 

2 C^tu» ^j^j/) + 2 (jjVi c±±}i x c) = *e>a; 

j . is 

. {2 \l^Uc ll^Lul (C c^lU) 

(jj> Ij^J^ IjOJ (jj .A<J ^Ijjj^a. t-1 alf iSj .jio = 0.9144 SjjLJI -.^jJh <Ua 1.1 nil C i-toJ (2) 

_>j-oJI <JVxi SjjLJI iJlijjlj j^jliU CuKj <<ail ..Jl ?n_»alLi C j1 IjJ <oijil 4ju - 



0 * * 

£g i S\ (] II jl . jjj^J-ll jjJ La J^Li jl*s ft II Cil ) ir-il ■*> La <JL>j1sj I" 6jLiX. 

1 a uaj ^ji * ili^ jjfcj <Salvasutras Jul^j j mU I m ^Ul ^jjj_*JI 

.j 500 |».Lc) Vedic era ^jLuill j « II ^ U j ^ ~» j ,^1 oUI ^?-^-l 
<5wU-j cul^ L*aI _>JI iLila jV <Sj£.liJI <_s>*j jl£ < jjJ^HJ |i j \ a~ jjt (Lj^£ 

, j . ■ . II j| ^ .<_3jjj_a j ° ' J ^" ' J*N 'ii II j I 1 lr»"i in ft £jlj_o frl im'iLj ^ 1 ft iri" ^Jl 

Sj^Lj ^ oLa ^Jj-a I jJL-oja. ^ill Jiuzhang suanshu <i>\^£ I j-a. ^1 ^ill 
.LAjI 5j£.UJI jjji^^jjij Ljjl£ (L^H •(»■ -3 200 j».Lt Ijj <^.ill) Han jL* j-^&c 

u i A"tij <(j j"'t-»^*' cjfj " ' o i l j-^aLi. SocLi <jLi <^jj-uj Lo£j 

^ ill <jk j^- a II j oLj"> hi oil j JL jiI-i-n llj JaLtlll <L1V < jKftll i_Lua J (j-ftj << nO*> ft 

tilt JaAaJi Llllfi <4'i< i.n ^jJI (frl i^tll) jl£«JI j mOla i_fl5*^J • V* ^A^J 

jl£ jl : j-»J jli~> jjj4j.ll j-iJ La jMj 4 mqj ft Lf jlj i _ft-aj». i_ fljJLj i_ i I Li" jij .Sj£.LLll 

jl£ ^ ;<ilia_JI <eSI^VI jjU-JI J>L (jic units ol^L^JI J 4< f^ 

4 ftji Jut'j Cul£ LoJj . j t"UV> jjJ «Lil i ii nil jf-*J ^^jJI 6.1C.ISJI jU>-jI jj-*"'J 

^ jliaJJ dJj ^^Jr: ^ j~j a i«illj alfJI ^ J)°">1n«" mo Sj£-L5JI (Jiiijj C 

jj-lc JjLa^>jJIj .(Jjj^jJI i^jaj La J^Li A I m"i m n II j in^'ij II (jnt'i (j 1 r^-i II j II 

j_LL5 Cal '~'V J V <J^-I ' 6 "' 1 " J • ' * J ^"JJ 1 " ^ "' ' ° d ^ I La_ij ' ta S 1 J • j J *■ II La 
frj^JJI I'ttlf <l*_>xaJI C)Lu| Lr lt J J ' Q a U j .<JI n»" ml ^ JJ^I ' I jis>-i * (} ' 

j r lki jL^aj ^ti^u 2300 Ja5 <LiJI ^jJI .^jjlsy Elements Jj-uaVI i_)L£ 

6-iC.Ua i () *| o »A> ,j-a ^(jK n 1 1 a j-l-O-nJI CjI n u i II ^jza^ •*>"» nil <J in ^oj ^jl ^j... > ila^ .w j 

jx^3 statements ^jLtj ^ku-o^. ^1 bl m l dJjj <tr jljj_a^a. 
lj-4 t_»Jl^l ■-. \^ jJj .L*jIj !jLa-il LLa. Lla jjL^ .axioms «ol n I in 0 » Lai a ml 

,d AjUf < m |f, 6jii I (j " < i «-n il<| pi n I in n OJ i^i^J <<LLuj 2000 JjJ II 

•tf ^ j # ^ j 

6 jifl Lj-> i. a i «-iTi (jl i_i-^j ( _ f jJI Jajj-tiJI JjjLaJj tl oj a i ajaU ujr, jr. J Jjlaj <LjjV 

<j_lLJL <i_i U II .Jjia>. ^Lj <Lxlc. gjLlj LjJ j! jj£ (4 U< iii t ^ 0 a :<LajJaX. jjjij 



I'l'i'sl • (jtijt't jJI oil ^rn if. jj£ LLua j ji jj Lg_jl o ^ <jlsLk Lpl jjfc 

-^JJj <jjJ 4 t->" uu (^jJI |Jjla.VI (^JjJiV ^AflJ j tllS^o O^lj nit" II J-AI-~»"i*i ki 

:<_JLjJ1 j-ij?. ,11 .- JU^ M aII ^ISLoll <\ a ..,i .151 Ui ,A Ail 

.^j i"t*it i jj_u * ■'"■ m - laa j> hij n t .1 
.J jAa. (jjj jjxaUkjVI ^ ^yi ^jt'.nnll iaaJI Jjjajj jiaj .2 

. ^1 La^^Joj i a i/i 'i j << Ui'i La j^_^o S^jIj ^-uy -3 

.<jj|_uila iajUJI LI jjJI ^jn-i> .4 
jlj-ft Jaiu A^.1 J j> it" i ii ft ^-ujj "'" L?' £J^*- ** l* 1 ^*' 

<LaJ ui-aJI ^ n in" .(L*j-4 J ^ ; .-.U. a"-».l ^ \\<, \ <La Jj. ^1 ^jLtjJI oi-i Lj All) 



^jja j ' I a .".I Ul i <J^j 1 1 1 n j jl ^aj-ll <»lmo 4 m^La II 

I j"i»_' i^< Jjl iJJj <olj iALjJI jvlc t^j^l ^ jx.j ^| ^jji jj^ Lajj (j jj iA LjJI 

oL5l 

f^gXuj j»-AjLa£.l Jjjj-u^ ^L-il AS j .(_£j^.^l £_>j^l pi nl m-ajl Ijl'i't ml I ([ * ^> in 

j j .^_>^VI jjj^I ol nl i h ft II (j-o I (j ml lj-> 'i i ^1 lillj jjjJjLa_o 

pi mjj ft jLs_>l n ft II Jjl j <^^i.^l CjI n I in ft II <l It" m ft L^jl JjVl *_S_>JLi 

:J!La oLaJLmjtt-i ^jl^jlll «l nl inn t jc 4 nil t" mVL ClJjj ci£y*\ <J j_) t ft 

j t" mi ft (^1 j»-^ u J Jji" iii ft II jj-o <j> j t" in n JoA (g\ ^jLa. j U t'l ^j- 0 -5' 

(j-* j " 'i ft j-j-t JJ-t j»— mjj (j's ftj t"> iii o ^1 ^jLi. <i K t 'i fc\ (j-o .5" 

■ ^ I i nVI ^_tt"> i ii ft II Lj < tft^ (^jljJ '-'J*> > pi n.ii" i .in II 

'4*. \ . lal «t mj'i A 1 1 5V ^jl^ajjl 'I ft I in ft J ftt" in i (_£ jJI t-l i A t II i iiftj ^ ft no 

' * J * J 

.ijJjislV ol i.ij'ift <1>Jj pi nl inn ^1 SAjj uiaII '-fll i«~i jVI ^ ft u uj 



ft 1 i ii ft I 



Ijji. <_ai y ^JjiSl I o ^pJI j-iit iSjlUI <_il£JI lla .<ui yii^i-i 

■ tj <Lj1 j c4 ■■■ ol a II ** - I ■■■ ail jj-o I a "■ (j^-o-i Cil i '^l a II <j-o ^-jL* 

gjLlj (_£j^J .< j 1 1 < II pi mljalL Ltjl \~ ->1 (jj-^- olj ,.~J ~> II ajjfc 

jA.1 I jj *il ttjj LS"^ 4 ( _yijj < _jtLjLii <jj»j^o ^^.4 <4 iii ol II 4 n I in n I I 4 i r\\ \ \J 

'U" ^1 CjLai-uJ-aJ <ji_ilj <il i,i oIL <LuaLiJI (j-iljj-aji. Sj£.Li jLi IjJ . JjVI <jLj£ 

|_$J * a L > jjfcj <^j"> ,ii ft II i-jAj-liVI <f inj'ifl II <jx. LijJlc. '(j^l 

<i_jjjt_j Lij] (jJVt ji <i_sjjij I ■» i <>^i L±j| j-ij ■ jjj-ll (j-o Sft^Lo U in ( Ji_o <^Ijjlj 
u4 cjLuaLLLjlj oLtLfljjl <ui jL»_»VI e-LAi ^ 0 u jj » "i 

pi i a a II (jJ| j_yujj-C.I *i i g <t 'i tij i ft £j_iu_jj Jo i ii II (j-o 't^J)" iii ft II <t^^aJI 

: <jui <ij,^n j^ii ^l^vi tLukii j> *i ji^L ji^vi 

IA 1 ftH I jj^ia, I ti mi (jj^laj ua LjJli .lift i_SLSjjJLj jjj^jla l *> ml 

£g\ jj_uaj ^jt-i" in_> V 1 *> ft Ui » o jjl j_oj .fj ft i"ll <t i i>-i jj^J jjuVj la| << nij'i ftj 

Cilj i<-il -» (j-C j j J * ~ II Jj's ft ft II (j-a-S <<Lj}LUI I 'i iA j! jLxj? jjLaJjj f-^^—ii 
^j-S Q ' 'JJ ^1 *■ ■ ° jj" i nj <jLl^ ft ft II ,j-a <I^*C Aj .jjll ,,i J Jl ft tTi niLi , A a H 

:JlAlL jbuVI pLuii 

(jl i JULoJI Jj^t in ^j-l*. 'i ,i, < .^rjt i«~i jjX. I jjk <j£J <<jJjLc jjl in" Jj-^ ft jJk 

<dJj j> ji^t .LiJU ^ dl jjV <4s iijjL ^ jUjVI ^ jiilJI ^ S^aUI 

<_£j-uj V <uL> (Jjj jJI I ''-^ * ' J.A 
V «al 8 J^iJI ^ LmIj iii>^ lln ^ J: >^ ftll tfjiVI jL^VI ^ I ^ 



Ij^ * Q y j-^ oL-uLui ^ If ■ jk_Aj (jLxjVI <4jj^Ij V i4l£.Lij lAa 

di* ujUJal ^ . (3) (1-9 JiAJI) jLuVI fJ>*J jUAI jJJ <L,i« 

j^u jjJJ <oT jJa LaJ jldal-LuVI 4-JLi /^l"^ 1 I'iVCI <<iijJUI JJSt JjuG <j! 

jjj I •._.!/■ dj_4 jU_iVj ,jL»-iVI y-^-Lij ^L^Ai (j-a ,>kLLo Jj-" ,jjJI jj-^^j iiiVl 
Jjj i II I" >yl (^jj- 0 ^"^ I j I j "i i ill ^JLlI j-ij's a II j l iii ft (j-a f-l_>aJ _>^jj-i 

<> t^ljJI cPJj J- 5 ^ t l» 5jl 

<Pirro della Francesca i< ,„ *.-.t J j jjuji Giotto di Bondone ^jj^j 




L^it Jj — II ^S^. ^1 hyperspace ^ _>^1 u-i fl Jli-iV -1 -9 JS-iJl 

<jUj1 i>jj1 L — ;'■« ^>Vjj ijljjJ *l^ 3 ')' o'j^*" ^* ^f' 1 ' -snirfiatioris ole-Lta-Lj jj— a iL-uil ^ 



j-JI jl^j hypercube ^. ^ .J jjJlta_» Sjj^=> jj^' ^ « » II (>• (3) 

http://dogfeathers.com/java/hypercube/html 



<G. Monge gj>e j\}°Jk ^.^LJI L^tjijl Aj^aLj ^u^l ^jlc \\\\ n dJj 
Ij'tn.Aj r j-ic (>lill j>Lll ->Mjt cr* 'Pelouse (1818-1746) j^ak. cijS j 
aaj .Geometrie descriptive (1798) ^ jJI i^iiJI <jIj^*j cr* 

* i " 

HlJu <J£ lift jJjj .jLajVI Ljl uiaj jl <>A*-dl <jj|j!S jj.oj jUjVI 4j£.LJI 

^JLxj 5j ' a * I J "I ■ Jl jls CxjL£ (<Laj I *' J I la < i mi 1 <jV <La J-=>- Ij t« a 

- « * *' Lu£J .LlAj] . A a A. '» > IIj CjI 3» 4~ij-a.ll j*s <~i I I (j II I ■*> J nt" m"> /)! < U uula 

j i^'j jLa-jl I V'^ t\s l«i! <J-ojJI ja J Jji»J 

<kii <GL 0-ujaSUI j& .<kii (0- ^ji^-aJI) d*JI £ji-<-&]1 ^iUI 

s " t , " * * 

LLsjL (1— 1 _i*'Snll) 0 JJLill (£jLa.VI c-i^nll oJ^t f ((^L-^aj aJJLi <.njl n 

a*JI ^i<nltj (2-9 JUUI) S JjJ* jJI fJiL L^^a 

s , * 

jjjjaJI JjlJI (f "■ "Jl iaaJI) 1-i_o»^-JI j^»-> jJjJ Lj)" m-a (2— u»< Jl) 

<iiL)j J « j'l jl <Li£j A I n \ I njj <<l! Li jj J (j m l <K IjJfc . JjVI £-a J_oLjLLqJI 

(3— , ,»<aII) jLsuVI (jJ^IAJI i—h's nil .J»jJI <j "il AJ <jj" jj Sfr^Lo ^jlt *'wa".". J,) ,„jj 
Jj) n ■» .11 elaJiLi <jj ^1 <2— i -«^a jjjjj <a_La^ajJI I * "I * ^ (J5> i"i ^aA 

(j-iii-oj j k a i jj^j v 1 1 ^ ilj .liJlii ^j_ox. ^LaJil iijj ^ t U" in" v i A *»y 

IjjV <,3j-»" <JjLt Sfr^Lo jjjt ^1 f jLajVI 4jj|jj <f3jj Sfr^La jj-k. 3— i_i» < \ o 

Lr ic La J-i^ j-o jLjujVI JL^_j.V tJ-^-" (j-* n" <JJJ J-a ^j) 8 If " ^Sfl 

r^jJj La |_^ax. I'i'i^ n t t Jjj»oILj iTi m iA ^yjJI <t lo'ill Sdfcl umlj . JJLjJI iuljj ljL^. jj 

Jl~^ *' J <(3-9 J*S i" II) Lij)" in n ^riirtil vj ■"■'■*'jt . "LSjj^>. jA» i Jj-Sj I - a*. 

* # * ■ * 

A I n i I I ici~i in .3— t-AJL^-a ^jj*?" I L»_a frlj^VI 6 j_A jt ia (j*S oj t 4 I a * II 

<L ^aLt -L-^ i I j in If ^pjl ^j^aJI J-uoJ I Q Vs I ui ^^iJI iijjLJI ^ JjJjjJL 

y in") Lajjj 3— iliA^a <j'n_> LaX. j lAnlc Sjifl ^j-lc <(J5VI (_j-S <J uxaJi L^-iil 

A Ij-Aj (3— <_,1»^fll JjlJI u II I OJ Jj Ml 4" SjjLS 

■ (juj inn J*S it. Lf lc I (j lljU'i Ll^ Lut a mi9"» in iiajJI 



2 (j"* 



1-(J-i.) 




4—^ 'A i— i*^ n 3~(i-i1*?ii^ '^it^n 

^J^aX, &LajL» ^jLwJI u*^ nil «Q a _ UJ |^j 4 I" n jljLjt Cil l**^ a e-LJujI o i .2-9 HI II 

* - « , j " c 

(1 — i-.'*^ ") Li Lf i^ J i r~i 'i j . ^4_Lij^ Om ul's f <J-a '-'JJJ pl j* ^nl l J^o <£jau Lift (Sjjj ■ i tjit •> 

i_ n*Cn LT^J LS^><^ >*-i (2— » r " ^«) j " l (j^J '^'j *L?^'-f "Lkilll >?-J 

oLiJjlj 3-v_*»£aJI (4— i-ta&s) jLsljVI ij^Ljj Ja_>ij> i_j*£j» frLuu[ (jiaj iljj^lj .i_*aiJJ J-uaLaJI 

£ja ^ a ' i j la *' * <j-ul LjJb^ :^jLlil J**! mi II j 1 j i£ JJLJ ^ j mi > I I . 

.(4— jLx-iVi ji-o t-iA^-o pLSiiV ( _ s -iij Lo t-i>*j jj^M j>a^j 

La£i <l j< a j .anology (<uj_iiJL) ^LUL £Ti_> cU^aLi^JI ^ IjiS ^| 

„ * , * 

3— w.ij*so j^- ' 4— Laa^-o „iti*i Lijli <1 ~-<— " pLjoJ 0~l " Ljjj^ 

4,L^ ^ .JjVI ^ c^jj^ aUsL (£jU 

(^Jj-aX ftLa-j! j j i ^j ^jU" i n't V Llj^f <Jj-AjJLj 

Uiicl ,i, ft lj .<LaiJl Jlo LoLaj .analogy ^uLLlL <u$i <JjU_oj <6Uj;VI dJj 

oj^j o^-Vf Jj-' 3 c*-^ <^-La-c c5_>-?4 hypergeing LjXa J j> U » ^^it 
_ Jl« Ll«: clJjj <(4-9 Jl^iJI) jUjI CMi ^ U jj£ (J; <oU*^JI 

3~ ilia's -ft ila-j-j^ 3— CjLjl^-o <_AjLai 4— ft 2~ pi *G_tu ^Jl 3 



^^Jl ^IL <u,mll j> jUjVI yiill pLAs ^jU „Liil .3-9 JiAJI 

* 0 

jj^aJI ^aj <J LojJ j m l aj iSjjJI ^jJr. j or I I J-»jJ1 <j1 I *» J I r J fl mi l ^j_o .J^aLc. U > 

^ w'i <( ^jj*JI <_£j tLuaiJI ^.i JjuJI <Uuiu (^jlll ^^illll frLAill ^ 

P(5jliJI U .jLuVI ^MUl c-LAill ^ i^Li-o tK.t.o ^LjG j*JI ^Lii *LAi ^ 

.tillj ^ «bj» in (5! Jlsj ili jLxjVI (j^Ijj pL-ai ^ 



Piero della Fransesca i^. jJ ^ J_>iJI (jl <j- llj jjjUI— £ a IL» .11 ».LL jJI ^J^e. xSJ (4) 
<ia. 'nil j^uLi iijjjcJI ^Jb i^-jJj .Flgellation of Christ (1460) C-l ..mil jJLj. iijjj^JI 
l> « ..."» tslll i.t.'.H JIaj The Crucifixion: Corpus hypercubics (1954) <i> jj-JI ■-■!..< -II 



life j"5t '^*^"j«^K30'iBT3^3^^?i¥S,R.-i* -•■'rf«t&^Cfl' . 




jl ^91 . i_. ..V. ..I .4-9 JiAJI 

JJjj .(j-LUiJI "Lk"u Ji.lj J*l"l -II n 

»"_■ .6 jjl n II 6_jjj.jJI IjLji J) i «-i I '% yLj 
Lijjlil || j L*_a j i rtl'l ^jl I iAj! I 'lj If 
.L jka II -J (J^JI Lf^ 1 U'Hj'* in nJLj I *(] 
^fl 5 j j i -~ a * qL5j) l~> o I *i "t 4 i ^ i j 4 L a *. ^ II 
tj fc nj i flj^ (jl 11 ""il l <jIajI <j^Ij 

(>o ,jU olaj il!>li ^ tl j^.VI Ix* ,'ni'i" 



Jl _iL^j _ 3 J^AJI Uj L£ _ jJJlx jLu»J Jl (1727-1643) 
a j3 <dJj JjJj .pLaUI SjoJJ U-<-aj pi uaill static jj^^JI <_wJj13J 

LjJiljl in o jjx. Ij i » i CjLa_i_ixuaJLi ^-ij-J ^jjLj J (fOfCe Sj-flJI Sj^-fl (j-J J J i 
I *«*'^ a ■ ife II a II I j "-I'' 1 jl i in • j flJila o oLfcj-uu cllj -» *i*i I (j U j <«l o ) "5~ m n . l l 



JjLa. . n IL» JjLojJI g-ojJ j ~^ a I *' i]^La_o (Jjl <J i (jjjjj ^1 (| ml Jl j l*i 'i II 

Lm-JI 

6jjJt i^ljJl J-i-4 ijP^j-J-j Lol j a JLS a Uj ^~ *- j^Jx. al In" iLi a^La pi - > II 
/jx. j i ■ » " 1 1 aj (i II j^j (j a o »■'» ^,-.1 /> i ... ^ II qI^I mi n (j i < % *i (j-Lc d ..«.**. j II 
Jx (LJaHjl) 5j*a*i moll i£ _^JI L»J£. (jlJI <4_mjj.U II _>aJI jjfi CjLil>a-iVI 

■ ^ it" i no iaik. J^ia 



•tLti (jiiLc. jjl (jtij II Uj U injl ( fc-o JLaJI J-ffl Lcl^ t(*Pjj*i I (j I X ~\\ [jot ij 



i 

<(jj) I*) n ft II d a , ,.1 a". . hi ft o llj I? Ill ft ^jlioJIj ^jLojJI 'j*^ (j-LfL> 

: JLS . ^ i ft o n II pVj-* ^ > ft~> I tiifi_jJl g-l iAi^'iI (J-^ mi tn i M j ^jLojJI j 

I d il mm n Lajlj JJij i^pa-jLi. *,j-<i ^Lj <3!)lx. <U jjiijj ^jjJI <4-*oLiJ1 4 "i i j i h i r jlli « II jl^^o-ll 

<J (jj^j tjjj jljJaL i .1 i.i'i i i4-^oLLJI <*nulit <LrJ ^>LijJlj ^ II <t j IU aI I (jLo^JI ...I ■> ml jj 

Ijb »IS3HJ1 fjj jfi «*l5iliJ» ^ ^Jl <,...-. IL *jJI 11a ^ ^ 

(jjj <jl I II n II ^jl /CjJ i_Jslj-o (jlS Ijjj .<£.Ltu J—USUQJ (jz-i-v III (J£i 4<£.LaI i * M I A A 
SjLjljj ^LajL& L^j| jjjjoj^ Jjjiislj-aJl ft-^ jjLs '.AaJj jJ-a^$Jj£ (j j't-ift't 

■ a,.\->lj <xaJLc d*C"<" jjLojllj tjlUn i ii ft (jliajl 

JUj j5» jl i h ft ^> t ^ iU"i ml £ JJUJ jj-o J 1 ftj ^L-Lll 4 n (jl 

I 5 ' ji ^-uaLoJI (jl^ <* ? '' ^ Jj-^ cj- 0 jl hi ft II Ij-A i 1 1 <Lic 

(jl^ :6Jaj pLalaJ *fj La a II 6J-A illjaj Lajli ^jL^j <4jlj»ii! ^<jjLo£I^j^ <jJLj|jj 

6 j-4 Jja. <_£ j-11 aJIaJIj . <£.j_cuj L^jjjjjj (Ju>ui V <,3^>J 4-aiLII (^jj) * lAftj ^jjl ^yt 
Ijjh ^jj> ^3 l* I n \ t 1 1 1 J ^(j-il J mi*) tl i _aJo iLujii ^j^X. JjjJ itj 11 ft II 

.Jj^jJI \±A <j aJU (_jjJI j-i.o.*) ft II J JjjjmJI Lll < J .^>all 



■oj-.U ^a f LaVI ^1 Lai SjLA^JI (1955-1879) A\J o^J jJj aSJ 

j^Ic ^ iAa -cPjfj (j* oLoj-lLi ^KaJI iaJ^>-) «LaJbVj! ^j-i 

^^iJt -l5j -oLojil 6J^.l^aJI <J-JUJI ^"dll I -> ft j t^jSlUftll ^jLajJI j ^l^aJI a jij La 
I irt) <Lu j^JI <JI "i a II ^ La i^jju Cj\ jL?-j[ <LuHII «l La.j-aJI ^ 

J pLalaJl ^^It j «5-LiJyLi 4 ftjk.» II il j j ^ ft II j cilj-v ->VI J^J La LJLc. i jJ 



Philosophiae naturalis i^L^JI ^jUaJJ »U.U <i ,..UII l jl s ji*j j.'d 'Ml v 1 ^ 1 i> (5) 

.principia mathematica (1687) 



^ iAVi 111 j } \ fl 'i ft j\ (j taa t La 1 0 \ n i«i £ya <4 i nn'ljjl a-iJoLLaJI c_ili i n" no 

Jjl I4J (j^J ft ]r\ 1 II ^^.A j <l ft fl *t ft *t j II •(j,'"' i "> j-a-ll (j-ljLa ^^-i ^l "1 i£i *t tl 

j» (j i\ <jl ^jic LlaJ^t Ijl <LoJJS La i_il ■» u m l ^Jl 4-^1^1 (j^JJ 'LjifijLuj (jjJ <3 ^ ^ " 

s 

.tilJj iij^. ("jjl j ^^la j <4'iU4'i jJI La LLi. ^-aJO 

..4 1/-1 j jjJb <jjlilll £> j-ii ,<LuaLaJI 4 u 1 n't II <Uj!aj (jjliLiitliV jLa-jl Jjl (jlS 

4 n t-i n j 11 111 '> jj^j a ' (j_j-oj-Sj I aJ-j-C (jjjLiJI 1 g t j i C)l laa^LaU 



J 1 



■ ■• ' a 



j 1 1 11 1 (jl^ (j-it J ' "' ■■' ' 4j| l j-A 4_>_^__)^JI ^j-tl * iti j <l S_>^£ Ci tl **s .it 
.V jkl L^^a'io ^L^ Ijl Lo <SjiLill JJaJ ^ jjjj <i 8 im'i'Cj ^jl < ft k" 'i ft <i£ 

:<lit^Lo «JLU*J1 jlaVI oi <-I^Sj JL^-jL. iajlill 

." 

^ " fc--. ,» <x.j in i dj-aJLi (iULuijj < jjs inertial frame a^LLaJ jLLVI» 

<j_>iJI Sj^Li < _ r i j 1 l_i ILt (2)-* J iijLe 5 4 II 4> j-A CxiL£ J f^_i5" in n U ~> )j 

j-sl^vi LjJ i_>"jJ (J^-^y 4 ft^s. ft a j ~t ji ui.ll jj .n~ Lejit j-At g-j l n JI 

La 1 <> ni^i rt ft nil 4-ij^~ <Lqj (jLi '<">"» II LajIc ^£_cu Mi :^jL4 j^-j (j-ic <_jjLi 
| -r,< ftj <( gLk£ jLLI ^ JLla jl ^Vj .V a! k^La VJ LDI ^ ijl 

tjjLill .S^LUI j*. L-a^u5s I ,;.•>•</»_. !>La jLLJI ^JLaJI ^ jLl^ul jLUI 

<j! jJb <l ^0 * " jj^Lua-SJ fj »dJ II (^J-ij-SJI L>^iJ '0 ^'* '"'.' I ^> jj Ij ILc (jx^ tkj-^J^-ll 

^1 ,,,-vVI 4_i_oLijj I »lj ^ * ■■■ 'l~l*ii aII j pL>j(j < \ll CiLaj li ft jjjl"d*ri'n^f ^u^l 

.^jjcj (LJ uljlJI) <^^^LJI 

c*it «Hi1 j^'i'i .<1ILUj II ^Vl <>t (^1 :> .nj/ ijj^J 

<l ,1 111J 111 1-1 jl"*> ft Ij a,*"i 1 11 11 ^./n^'i L»l .«Ll^uIjJ 1 ."t'sl jjLilji-a <L»1 j 

~ - - s 

A ftjj'i 111 ft jSj^j ^Jl <j ni'ilL j "i-n ft ^j-S JjJ>.^a lilil j^S fol 1 ill _t til ,*^a 

^ iij^ it_>_^ ajjbj fLu/^) IcLuA ^ J^oj^ 1 000 000 000 it j^uuj 

.jjj^a <t mi jjLLijjT jLil J;**_' ■■■ (jl^ (jj ^joj (jt-i Ijjt USjI j O .(jJtj-o «JLc iiiajl Ljl (6) 



J^a. <L>1£ a! j t II ixjli 0.14 LLojij Lg-jj iAII itj^m ,j^> 4j_oJLj 93 

j« i n ■y "i I (jj^jkVI J-o-C j^lc (jjJ n'lj (j->ill <(jj < lj>-a-ll ^-lo-» o I Lj^Lkj . ^(_jijVI 
Lai ° ml _ «1 . ...M K II 'jl ^ * II «^ » a -w ' . a *. " <Li1j Cv*>1 <Ljjj-S J 5 t <j% j i«-ij "i 

j^jj aJLiJ Faraday ^taljli <_al mi<l <JjLoJI Ij>jj ^_>j ,j-a cilj^J jj l_i ILc, 

Lr Lt JJj (jfi ^Jj-aj JjJ) i nKjftl j-aUl jjifi. il l ^ i ii jU I ji n ^£JI 

(j l /*>*•»_< <L_>-Aj^a. A M ^1" i m'u I ^1 j -IjA. jiJjbj < ^>fJ^I 

LsUK jj<- - t^JLij .(^Jl o Lo,/^ 1 000 000 000 icj^t dil 
.^^i.VI (j-o Lala^J J i > o*i I <LLLs j-ii. (jj^" in I () o I * 'i ^yjJI *LjjjiJI (j£J <<lLLlL^ 

I j I >L*£ jil^J .^yjLj^ J aJLJ ■■" I r& LoLaj i'I ill's Jn»~l ml mi <(jj lll^ll liljLj I jlj 
A .Ajl <(j"D .(jJJLc.) 4$ j-tl Jl C)l nj II J>a~a (jJI V pL^J-LII (jJI jlaj 

■ ((jJliVi/) ?j uiJaUi nil j t-Lj^Zl ^1 

^Lj^iJI ^ oVjL«-qJI (j-o 1 <jl .5jJ^ j-JI ikilJI ^1 <J)l\ j 

. ^ C » j i All <Lcj_uj ^yit J n~\ t 1 <<!_> injlol'iii nllj *L^ill i_a ./-i" ^^lll lilii 4 .^il -> ij 

X* II - 1 1 1~" <4 i in tt-il *>* njfl^ll (JjLjoj (_yjJI jjJj) i «~» (j- 0 moll 
> * 0 - - ** 

(jJLlI oljLxaJlj c?J .'""** A 1 0 > Lui jjJLlI <c -J <LuaLL < »j a L^LuLLul (jJLlI 

pLjjlLII j» '!»" (jja t 2jS» <C -J < 'in o <Lao5 \ .XA J ml , M " i^a, tjkjjjj 

,_yJ-ll «t n 1 4 II (j 1 1 8 1 (jj^J (jl ' ■ 7- ' Cut I (j I mi ^yjjl C d "° jjLi ill's Jl ml inL» 
(jn9i juial <"i*J fl <C (_jn,ia" LolI'h t <(_^^a.l SjLiAjj .^jl nil it (jjj Li! I j i If cJ 

<j ...ML L-/^ 1 000 000 000 d£J <(J Jlo L,.,oJL. io^ill 

• ,_j-AjSI j-o I ri-^ 111*10 i^l ill's (jj^f Ufti <ij^iaJI 

* _ ^ 

I *i ft (j < (_yJ <_>jJbj^k ^jLlj (g-j irilj <x.j_luJI ^ 1 1 1 1 (jl 111 1 5 1 <(Lilj CxX) (j '" 8 ^~ a 0 

f\H-*-° 'i5^»J <J-aLiJI (j-ol>*JI j»>fi-o Lf it ( 3 'A*i"i Lfj| .(jLo^J'j (j ^ -a-U 

LijJj « l t5 -«i< (_j-ic- if iA*ll oUa^.iLaJI 6JJ!> (jVj <V>SLLa LI Jj /> <Gj j (jKnll 

jxjJLj (jSl <_»jjJI ajj» ji'i'ir Aij .C Lajj (juLjJ jJI (>» jj^iS^II jLi^l »L»1*JI j^aJI (7) 

.<^U \lAc IJji. .j-^JI 5t^- jx5 fJj .15/p, c=299 792 458 



.dJj !ji£. jjj La yifc] <2jj <j| 



I j < '*S <£-j nit j-il m* £_a C _J 4 n L&JI (jutl ^jn t<"i <jl gj'va.t »^ '(SS* 

■ ^L-ulji <Ajli_a ^o^JI j <jl mail djl .uLi <j! jJb S^l <U injIL 

jjAj i 'I'll i"l 5 \ n <_)jLicj j^j-jI i ir-i < i^ya j ia <1 I'l'tl ml j < (jl t iA 9 Cul^ Ijl t^Ui a 8 
.SjJtUaJl (jJiAj J_uajj Ljjl £_« ^nit A n I n i a ^JAj in ijJjLi AJcul 4_Cj_ujj 

' n_i ^- 1 J n-i n ^a I j) Vn <jjjj<i «Laj-»J <uJaJlj (^jJI ((jjjJtLll)) (jl i±)J^kj Us «lll 

(J J_4 .^1 . ua o icj-"« ,> Lu./f£ 1 000 000 000 J j 5 o Lf JL<:t 4^^^ 

A j n't J>jjjuLll 51 (^1 ■o'- <1 ^l J jjl^oll (_T* ^^J^' *1* ikajjj 

Jla 15 j .dljjVI jji jJJuLlI II* J -s*h\ lik ( _ f aJj *■ j-uaJI 4£^=J iki^^ 

G. jJljj-sJp-jJ £JJ-?- ^OiljjVt (jyjL^jiJI <jjJLjl J^ii' mil iCiM-JjJtlJI alfi 

H. Lorentz ji^j^i A^jj^a ojaIJ^I ^L/^Ij .Fitzgerald (1901-1851) 
Fitzgerald- jli Js >J - Jl,^^ Jails o^LoaUI *>1a o_»n ...j (1928-1853) 
St i>l Jl cLJ jlsVI 6 1a ^LLiuJ jUJ ^Hi .Lorentz contraction 

4 i ihi'ip I jjjllu (Jjjl^ L^_ji1 <LaJ_ > lLaL> <^ji«|j ^^^l ts^°^ i_y^-^^ ^ c^J - *-^ 

.yLa^JI j (jl^nlt 

LfAx*"" ( 3^* ^ <J J^" 3 ^ <jj^ f^-"A>*-11 ^1 J^l 't ' m'm T J-ajjl 

Jj V Jjj~> II ^j-i 4 Sl"-> n dLt J-uij t jj^J ~* <^HI tjj^l m nil (j£J .^JjA^ 

_ i« !» „ 

n -> 6Jx.Li ^ i"i (jJ ^j-a (4-S-LLa a IjLLaJl j VI J-ial I j a, L8 Ijjjij J 

J JJLJ liil jj <LfJ 4 a I" n Laj5 Ij^ji (jAllla "II ^j->1 mi nil jV lAjj n.nlL <lix!LaJ1 

Ji->^» iV'''"' ui H ^j1 "i Mi'v tlj i_SaljJI ^Ij^ta. yli <j i %»l" l 1 1 jjx SjiJo 

£jVI ^-a ->1 mi a II ^y-Lc jjt'ij jl :Lj_sLS f\ irt a II ^^J 4 U a'i ^ij^ 



* J, 

Lii j j-Sj-oJI <Ui uj ill ^liijJt j j U ft *> H jJS j-o ,jx. ^j>Sj f^ J -*-* Ij-c-L^aJ 

Jjl" £jj3l J .event IjJa. dj~ mnll JuLUI lift ^ n mi'i t^yaJiJ ■ j» "tLlil it n I 

jikjJI ° ' t^-i > a H 4 j If. (J-^f j^SjJI J-4 J <^ 4j,4a II « jJAJ-o^UI)) (ji 

jju -> J .^1 ft II Jtj Ij-A .jjlixa. <>a_» interval J .^1 a II j_a < ■> ^ f.j-m 
((^Lk. ~i > < j L*£) distance <Jl ••m II 4_Io_iJ^j (jL£-JI ^ <j\\ .^i'l o 

i_if)JLJ '(^1 in n II ^j" ftj 11 I n*^ time (j-aj-H ml j-> (jLojJI (j-S (jj I n-\ft*l flj 

^juij JL n» J i n L <il i n ni l i _ i i ii ^'i JjJ^s. 

s £ 

< _ f jJI «Lsl_uj_aJI Jj-o jJLuaf Jjj-3i I <l > 'iK o II £_alj_aJ1 I (j m-ljLi LJ JLll <_al iii n II 

ji inl (j ■**'■ I a II (jjj (jj^- 1 (1)' '- ' -' ^ '** in ft) J i ft II jj^J <Lj| I j mm ftl 

oLoKjj . (<il moll) — 2 ( t >ojJ1 XC ) J^iJI LojS ^Jt iiliaJJ dJ jj <LAj1 

; 18 . (8) <■ - 

<x j m i isj^ (JalaJI tiliaj (ji jjid ^^^j :proper time (JoUJI ^jJI ^ n uu 

A A >1 tCtjt-ft <dj-II <l i i n't IL> dj^j! j '"•»"' Ci 'i*s LoJ j .<_j40La.ll l _ jr j-oj l-Iajl 

.,_joLkJI i'1'i nj LIsjI in* * ' (jol "> II ^'inj jjl j 

<Vjl < J^i .^K nil j JjLo^il Ij^ljjV <-ijj-r> <t«^.lj-o ^-il" im'i il j-I^ILil . ■ I L" . 
(ji J^J^jaJI (jjX-aljJI (jl^oLj Ijlj ^^jSJI) J-oLill (>oljlJI jV^-S-o (jJlL 

t<t II * j-A ji (j ft I J .(jLLoljj-o (jjjjja. ^,1 ^ic ,jlijVI (j l < I" n ^jjjJLkx (^jjLLsl 

dLjl .j'in 1 00 I (j I j t- ^jl i_Sj-«-j <<_ijLiAi tLj-J-ft in jj-S J j ^ j_o vlLjT ^j^j " a '■ I 

.,,11 ^J^L Ji^Vl U1j .Lui/^ 1 000 000 000 ^jj 1 ^ 5 

38 jljJLoj jA^I (j*- La-ftJLJvl ^jM i^ift't n I o 'tl ^1 j < < 'i j t n <IL=J ^1 <jj|_iAiJI 
J^kll i'l"ini lu JjL ji Cjjjc lj[ <^UUI (j^J - J ■ ^1 <^.La_i 1 \ .,.] (^^j (8) 

speed itj^JI , 1/2 [ 2 (<n J - l JI) -1 ] x J^kJI jj» ^ jj| j^kll jjji, .length 

iL-a 60 <jl Li*/ f& 1 00 l£.j^jj .* J^ail itj-cJ i^jf I irin i Lfit I^Ja-o ^1 *i I iii'JL j ■■■ j^Jt 

1 /2 2 

Jjjij Jjl jj V I jJ .(^jJjjj 100 ja-u 1 jjt i al'i^* [ (<tj^JI - 1 ] (jLi <(<cLJI 



CmI .1 >La 38 jjfcj <4 hij«? ^ jJI ^liLaJI J ml tJI t_yJ-Lj jJh 1 ft j *u t J-^aliJI ^Lfl 

J m l t I I ilnj^J <_H-° 1 00 jJi A jlA i A a II i'IVij 4 ui JjJo (jl i_Sjjuj 

^^ij .I ji in (jj^J (jl (j ^ nj V jjjjJ^aJI (j-i-i Ctll 4 " ' J^" (^J-ll 0-°jJI (jl-* 

V tdiLs <ljl m'Alj liijUlj^o 0.31 £-^Ajjj u- 4 ^' J H 

(jjJ^-ial^J (ji-oj V jl t ^fl'i-v l Jyal jill in <jl .(jai-oljILo (jjjAaJI j i"u" 

O Jl ' * 

f.jV\ hi IjJ .^LoJjJIj <jl£jJI ^Lojtil ^ SjjL-JI jKsSU <j^LUI <jl^.I j_JI 

U i-Luaj k> ■■■/> ^ ^Ijjaa. jcLuj Lo^j .interval J^Lili SjLt ^Lu-ulj Vjt 

<<LujjjaJI - A j .11 .ft iSJIj <L_i_>j-II _ <LjJsj_i_]| .CjLluLjJJI J-»-2». 4 U . nlj-i ^jj^-jjl ^jj 

^ojJI ciLuLiS j II jl"~> 'i in I >vCI .dlu^jJI (_j 1 1 a *t > o I I j jjLojJI ol mljt 
I d - U »j ^1 <-fll_x^aJI .meters of light travel «*. ^aJI 4.U. j _>LuU» 

(_A (1s) aJL^. j <_i_j!Jj <jLfl I j .C _j 4_jj_Li» Ajlj <>-ajJI ilLlj frj in II 

,S^lj <-iili >j-<AJI l fl «Ui. ^IJI iiL^JI 6oa ' 300 000 
30 J ^Ljj^ 30) 10"' 1 x 3 ^lij ((^^Jl <> < 1m > l^*Jj ul 

300 000 ^1 Liul <Si J jli .(iisSLj ^aj Jjj ^Ls^ 1 

J i^LflJI ' ° -j ■« ~ la i ii > i <j^J «Jj ' ft II (J^J-^ J '*■*** I ^w^Lo - fc r I jjk .^Lo j| I i*s 

2 (<£L^JI) - 2 (^l) = 2 (J^WI) 

+ z (JjVI j-LAJI x C) <> ^kUI 



1 0 'i r j ; *~ ^jJiJ) <Lil ma II SjxLS ^1 I n*s a .Ij^. «Lol_a <LkJLi jVI 

^ < n * " (j*^ ft i <Glj tjj-Jl ^jLxiJI pI t^iiW 4 nii<*>o II (ji-!-*! I" ( j^jj^£L!l^s <1Aj^o 

interval J^aUJJ jjl" J^T Sj^LS (jli <jj£\ LaalxJ jj^ cjULAi ,_j£, <1a^>xJI 

<j^jJI jLxjVI ( _ r lt Lj LxjIj IdJi-i (j^jJI j Lie I (^jj_^uoJI ^ <j1 S^jSj (j-^jj 

H. Minkowski (1909- ^< ... < j'v. » (j*-**^ J-^ >* .^l .a«I1 

^Ij ,1907 r U L^-oas ^l 1864) 

.spacetime Lil£<> jVI jj-^ 

<jV oL»jVI u^-Oj jL*^VI ^Ljj f*-^ u±f UlV> VI Ll^-j 11* 

t Sd^UJL JLa^ 4 _ oLAill ,ji distance 4_al innlLa :lda. ^jllal'-t n I nfl Ti in, Tift 
interval J-uoUJI jjij <4 _ <^o)JI ^ L^: <jt ^ <+ x 2 + y 2 +z 2 
_ A .A4II lU^ 0^ -t 2 - x 2 - y 2 - z 2 ^! ,t 2 -(x 2 - y 2 -z 2 ) S^UJL J** 
< n lqj ILa .^j"t j l">-^ » metric signatures ^Ii^p-a ^j'i n uexj 4 _ jjl_£vJI j 4 

jjjia. <(+, + , + , + ) ^-4 (<il luaJI 6 jUt ^ CjI jLlVI .kai) 4 - pLAAU ij^laJI 

^ Jj^JL jjVI ota Ujj .(+, -,-,-) 4 _ ol^>J>U <j^IaJI <^aJI J 

<j_>J-aJI < o > II ^ (^jjkVI oljl-iVI (j^- < 4 I" -v n II SjJ^i. jJI SjLi^U 
jjl Jj V ( + , +, -, -) (jJS <jjlJI <il^oj ^i^ii LaJU yl V + J CjjliojJJ 
1 -Q IjljJ ^ CJJ^ 4 tj' '— ■"> ' M^JjJI lj-4» jjli IjJ t^yHjii (jlj*J <J jjj^J 

4 n in ill (^j jLxjVI ^ ml II ^jliojJl^ (JJ^I jLsul L^J Citjl^oj JJ) ' n' Llilg 
ijj-o^-" J-* Jj^' ^yjlj^yi (jl S^>.,i,ul ,i o i—SjJ-j jjl I 'i'iK aL 8 -, -, <-i _>J-aJI 

Ijl Lo jj >i >Sll (_>J_luVI j-a Ij-Aj <8 J ^ jIjjI L^J oLiLiaj LlLLS j 
tf *i » '> m J uxiJI li* J^-^-j -1-jLoj ^1 LjL$_a «f_i al .AVI jLljVI ^-o j^.1 j (jL£ 

•( + , ") (j-A <jjlaJI 4"m uOJ (^Ulj 'JL»-j1 «L*Jj1 <J ^AJI dlj ^KajJLi 

m< J*S *> n 4 i. 'i A tf o ml ^^JLlI ^Liji^JI 4 uij 'i A jjLj ejljJLtVI ^ I f 



<dJj j^oj .a^j (jK^JI 4-lu.aIa (> LUj'i.mI 4* J «— =>1 Minkowskian geometry 

dJ U ^Li IjJ ,lia.V 

^j-a jj*n 4~i IL i V\ ^jjiiJj .dljjj inn <^1Sj Mi <Lo j.^. ^1 <ij_)^i L$j1 

1 i :l i il mi L^JLLojlj ml (_j-jJI Slj^l (j ii 4 'i J a ■■■ | -■■ ^ > iLi <pl i miVI ( j^> 

jIajVI ^X.LijJI cLiAiJI £jC <LiAxLc. ^ If Jj ^ I n "J-J /jl Ljj^j 

j) ~w i I La -j G jkJUjJI I io i1 LjJk Jj^ o-aJI ^oi <jla_iVI JJjlJ 4 i-> ijjlJI SjLijJI lV-^ 3 
.jL*jVI (j-o Jfa "i JJ*J PifJlj dljj (JUjVI ^LjjJI (jl^o^JI j»4i 

LjjjJ (jj^-> LaJ-it -l»3i j»-$-a (4j^LaJI «t o i«^;ILi I ft(j 'tf. _^JJLJ Lo£) (jKV^JIj (jliaJI 
(jl dJj ^\ U&-^> .(jLojJ-l >*"t> 'pl^oU J-*J '(2 _ ipLjJ o^-°J 

iii^i II 4_a±Li_o CiIjLlux J< luJI (ji iajt-i-^ II (jfJJ J .(5-9 J.^ Mill) jjLojJI ^jlc 

* i 

Ja^k J£ .worldlines jJLxJI L jU^ L> < ..■ij's'i^ Ul « J ^1 <jJL»JI j±c 

Jjj, ilaSiJI ( _ >u ± i ^ £jl5j ^ j ua | | ,j1 ^1 Ij Ti i nn a_i m-v ^J_>Lj J-4 (j-^tj j»JLc 

' - " " " . , > „ '._ " ' 

La-Lduia J-jLLi £j ' " ' ^ J)~> ' N ' 1 2 J i n i j»JLc Jaua. J^j .J^ojJI ^.iij (jl ^ n II 

c- j --^ II ifj ... ■ I * ' " ' . J lj a J ■ I a I ..-^ (J-iLS-J 45 LijjJs ijjl J i n i j»JLc l-i ~> 

lf_>^ 30) pj) i«r» II «(-La.j (j-a J-a.lj ^ ( _ f -S <-il m ft I I ^j-a IjJLo ^ l-i Sjj 

i 

4 'i*s n o <^^>a. ^j-uil laaJI Ijjk J^Lsjj .(<-i J lU'ill C>ljta.jJLj 4jjLaJI UJ-'A?-^' 

V «gV i i.i^II 

J^j .(oLjjJ^iJI Jle) I4J <JjS V ^yjJI CjLa^xxuaJI VI itj^JI 6dA j-Lu Jjl jjiaj 
dj -> 'ij f j . 45 <Jjlj>J JjLJI j-c-jVI JaaJI o^J j "i< ft ft II jJL«J1 LjU.a 

I 1 1 ft 1 lilj L *i I ^ 1 "i ^ ) 45 <Jjljj JjLaJI (j-ojVI U-t llj <(pj) 10 II <Lfcj 1 11. i Ijl 1 11 1 

(jLajJJ a^i.1 tjl *s n 1 1 (jljj-i a •> jf i^ij ^> «3— (jL^-ajJI ^3 ^J)l\ J °" *■ *■ ■-• 





.jj-luIj «LqJLc JjLi IjJ *,j_ojJI jJj £-0 <GL^_o jj-i J-laJ <j[ .ljttT.m.0 LttJ uj jL*jujJI 



Ij-A ^yja ' .<L^.jJ 45 <Gjjlj ' » .^'i ^ jJI a II ^ n i<"i £_Sj <t 'i*^ o a II ^ II » II Jajln^ 

jJLt Uj u <<Cijjj (j-i djA->, 1 1 light-cone ^ j ^ II Ljj n II Ljj % ^ II 

J J I *' * £ a tj laJ^La a II tlLt ^- jU m ( _ f -ic j II mi ^LxS ji mi jJI j 1 a II 

Jjjj-o j-4 LaS (>aJ>JI JJJ-6J J ' ""'n LfiJ '<Ja3j <j-a IjjS c^kll <J^lj 
.<< °,l"~» n jjLajlj ^ j .All Jbjj-> nil ^lc. J*S mil «L o J » , n j_j-*J 'ISS* '""^ 



(>e jl_«_iVI ^LjJ ^J-^ J.'^ <" H I *'J I f. ^-(jli-ajJI ^1 JiVii LJLkj 

4 Ui t I ^1 qjji Jajj o II J-J-C g^lj mil (j^a^i Jj I ■> /,*•■.< II ^gj" t"i L .jl 4. » II 

jj irt'l'l i.'IU -\] (jt .^1 » miV I ^a <JJ_)^ j i A l*i jl in~'il JIaj) jL»jVI 4-ijMj 

dJj Ljj J!La1 iLjjJo iijj-o jj-cjI ,jJj 'l^^ ^LjL^-ol JjJ^- ^jL^- <lj-A 

^ C»l « Al'ill ^j-i-eJI Jojj n I I Ji-i ^jU <lLaJI tj m-> I j - jjjJI S^SJI 
.<La^i ^ lis. <LJ-a*J (>a-j Lo jJb 9 JiAjl ^n'lKn (jjJJU 




■Ka. £_fi_> rjn run 

<,jj j. All L j_>i-oJI -kjj-s nil .j injVI J5^ mil jjj jjJ^JI J>i-»JI J^U L» ylSLo ^ pJL»JI 

t Joj j^b-<J1 «L«_slj ^Jlc a 1 J V m n II (j-o ^J-^o j Lajj ^JLc ia^l-i "» 

.(.j^JI ^ ^.j-^ 4$>». Jiljj 



ilj^VI ^j-AJI Lj^-JI 

<A <Liu1 j ^ ill j-uaJI Jo j_>a~aJI <>a_^a £-Lj B (jli LU .7-9 J*S mil ^ B j 
^jj j-ullll (jJA_o Jj-oj Jjo B ^jJI Jj_i-ajJI A <_ys <L^4ljJI C>ljLiiU (j *^ n n II Jyii 
CjJjJI ^ Jfjllll A ^ di^aJJ tj^-aJ V .C j A (jlijujaJI ^ jh'i'il <<_)2lj .B 
V til <A <Lui1j jJI ^ J iA II Ja Jj n II £jLi- <J»-3lj <JaJLj C jV <C ^ 

t- ^ j A (jl J>Sjj .<-ii j j't i "> 1 1 C Jj_uajJI A SjL-^y 

t i i I fl i a ■» ■ 1- '"j ' ^< i If. j j t<~i II Jajj ■> oil jn iA <ts_aljJI ^^jk^l JalJLljl 

^j^kVI LUiJI j-j-^j) C j A V <^a. ^ .causally related ■ ■ 

p\ jl ^ <Ujj •■■II jjt li_>£j j j.' "' ^ •iMU < S J^AJI Jo jj n II £jLa> <jlS| jJI 
jjjlikla ( _ f J[ jjl^ojJI a 'n'lj (^jj^kll Ljjjk_aJI 4<jQ-> <_)Ls IjJ (flxl\ SLta. 

<A ^ (_sj*. ^jJI d»iaJI tjl^ LLs <JIj-JI Jjj^u <j^J .aJIxI] I \ n$ i 

(^-Sj-^JI ijj^JI f „. «j .7-9 j < A Jl 




(fj^*. U^-i 1 j ^ Cj »li 1 il.i^.1 j <l ' j i i.i 
*B u.U It (jMi-o t^yjjj ir» 11 Js Jj n II 



C tiJ-aJI J5-o <^JS j-uoJI o II JTjLi- 



.<ji>jVI Ida. JjIAj ^aj <-j£j£ (jJc- jkjUJI 



Ullo^j ^1 i^jU^JIj Lji^JI <jV <L> 1*. ^1 LijJU 

frl lAtll (jjj ^ mjAjJI (jjill U^l iJJ ' "'J -t5jL»JI frl lAflll i^~iI ~> (_JJ-lo 

^ -" . w J^jiu Lf-afi J j^"» ' ■■ _> ^1 i<J!jl ^Ij < ( 3 < v ..i j j^la 

.<kiiJ| 6 Jia j-^i ^ jtLui Castor and Pollax jpj 

6JjLu JjJ > J j" ~> J jjoj^Vj^J .(jjj nit II J J^l jJI 6JjLu J-lC ^jJI (jjij imtJI 6J^Li-o 

in Lg-jl jji'i mi's (_^jj <<!=». j jj-s 5 j i nl < o (j)IUi'< ij 'jj~ 'Li^.l jjjj-iitxJI 
(j^ ^LAi ^1 l^-.o Lui/^ 1 000 000 000 <*j^> L^JjU jiLui I j^i 12 
jji^ul^ jjU* jot ^ I4JI J-uaj ^l Ji\ ^l j jaj, jJ» <interstellar ' 



. ^LojJjS! jjjjJLjj 8.8 jfjnt (jxi^V jj (jLs <j>jp inK i J)l»" i I o ti j .(jjj i mi 11 j o^ljll 

ijtdJ (jjJ J iol til i_) '"~»_'J tl iM f fcjk.1 (jL$ (_5j.ll (j-ajJl JJ)"' "il^ J ft»J uu 

<jV <JJj ^^Ic. <_ > u^V jj Jil j-» .^La jli£ Jjjj 3.30 Aa-fi <Ua.1 <^-f> J 

CtK (jlJl 4-iSl .A 8 11 4m8.mI1 £j^j H ^ ' -Jf*^> V J-u=>liJI 

IjJ <ja.l <jl£-o (_$\ (j^J 4j| J}" "J (_>"^VjJ (lA* 111 W-j SUaJLo Lkjiljj 

.cLAill jJj-JI jai: ^1 V <o-<)JI jj^> ^1 interval J^UJI j>j <jU 

4.6 Jj1-2j pj i, A 11 4jLa._j ^Laj) (jjjJj_>3 3.30 S\ I fl" II olj^j-ILjj 

\+> f U ^1 il^Jl Jl^ ^jJI fJUJI Lk J C^j -(8-9 J^iJI) ^ 

^-o j n^fil M-uoli JjLLi jj" J^Iaa ^IjJ-aj jjJiUJt m„\^ 11 {jai O*^*^^ 

la-t jJ tf JL*. ((jja-iul^ jdlfc JLa, Jjli; C5"^) ^^f- 0 ^' 15*^ 6^ '""II .LiJI 

^Ijj^ <La illJI ^ j . ii* j .iiJjJiVI Li-j f- JjJol 4 1 ~»^>JI 4 o mjj jJI Ink II 

iiiLaJ ^ j) JjJol J-"2>1 ji JjLflj ilaikVl (j-u 4* oj8" moll Jo jJaaJI <j| lTiUi~»^La 
^Jl jiaJJ I agjji f .Lojo£. — La lq Ijut . Sj ml 1 o H ja£. pljl m oil (j^i ^(J-uolji (JjJal 

a^ulS IjJ :<j_tu OjjJI LxjU jjLuAZ Jtu .8-9 JiuJI 

.iijJI dLLl JiLi. ylSLo ^1 (jJI jiL-y V <tUu 
t];j_if. ' - m - (jjji-ll (jj* j -> II interval J i^l ill jl 
. /Sa^I j d - j"t ^ j 1 ^ j * I 3.30 (^j l i ii i (6j^Lu 

(jjjiLj" 8.8 JJUa <Jaij t_jJkjjj i rtl l <£.j^u 

J^aUJI yJc jji—l^ Jiljj <C£J (jlia 

3.3 jjb L^xil 1 j-ojVI <jj jLi-A jjjj 

4.6 CiSji" ml *4lli.j jjl jjjju <j^J (_>xo jlX < j^jlLj~ 




jlojLS yjjLjj 8.8 



<IjJ <^'<j-tu jjijjjl^ jjjoj jjj^a. ^ <_>^_il 4.6 VI <lxu jj^j <«Gjui in 

^Jl Jjlajlll ln<nj <_£J <<ajjVI jLajVI Jj-^aj ^jLfij ^jlfc (jjjjLB <jj£j <>l <L° 
Jl nt'i inL g -> II jVJj-£j jvj <jLajVI J* jj's <"i IU <ia.j^JI dJj 

Jolu .jUjVI (jl^oj L^o Lijji^, ikUJ .analogy («Lu Alll) ^LUI 
^-Lc. ^111 <^j-ll ol J-^ II) <"» 1 1 1 n II I j j I j .jLljVI 

CjLc Ij'il^n Lj"< in o ^il jjj <E-I .ASH ^ 1_iK jJLj J< mil ^j-S A u-Sj-=JLi 

. j ij 11 n j la a I {J 1 JjJJ-ll (2)-° < li iiii'io Sf-M-a <jt_j <LaJ .SLkjL-o 4-lkaJ ^^-i 

Jl ~* 4 

■ ■ ° <qLi <ji j^i : I 3^-V oij (j-s .../.II ^nt'i jjk B i_aj-aJLi ^ U nil <l^.jJIj 

Jjj jJI 6 ^— a (^j_o i_S_>_a. (_j-.Lt Jal 5 J II ^J-tt-aJ j i i.ilj j> II r Ja j la *^ Jj_o t _)J < ^ 0 C 
(_{jji.VI <U_uj1_>JI 6j^a-jJl jj-o ^J^i <(J!LaJLj i(A <^jJI (j-o ia.lj t— S_>^) < '*sl II 
SpMjJ ^gj^VI <J^LUI i_S_>ja.VI o-o IsLLlJ <f-Lu1j ^Jlj-t lajl^^ i-iJj-o 

(jl <}llai .LLil ULj_>^j ^ylll 0 nn II JjjliJI JMi. (5-J^' Sc-!iLo i-ijj^a. 

(Jjj-ll Sf-^Lo ^j^ij (<_>IjjJI ^^-S -(jj" <j jjlj jl inj II (_>-» <-ijj (_j-Lc i-ij «i-Laj 



u^aj >»-c (jj> jjllnTi <i_i-LajJI II* ^1 ts^j ^1 <twin paradox jill Sjla_«» ^H-n^ n _,l (9) 

jj! q 1 >LaJ ^Lj ^jjUI Ciln Tii i a5J .jjl^ulS jtJjlj (j^ i il'i^j La^jLi ^juSV^jjJ jl jc j^LUI 

(jrill oajVt >Li «oiii .in (ju^V^ ^jxi L>jl£ ^ tS'i" ^jLuillj deceleration jLLill 
.jjjju ^jjj LjJLa. iJ lc (jijj ^jljjJI (jLi <_)! ■ ..i t I I jllSfl »i* JS J^-ij Lo^itj .Lf" 3^="' 




A^jJI AjU.n j <_u j3u £5 .J^AJi jljU'i iw <ii jj S*}U (jJt Jf* ^^k. a An' .9-9 JSjUI 
u — »*■'• Lajjc 5^-1 'S^!>LtJI ^^Jc 5j o « ■ 1 4JLDI (jV (pxJI ^ j^jU (Aj 3 - >_ n » < L J J ^ la mil 

<(B) jilj-dl ^j" 111 oil ^jJc tt-it'» 1 I4JLS j_i i.i'ij icILu* 4-LajJI O^-i <3^-^ '- J *J SfiLoJI 
J 

j mjVI i_ij^»JI Oj>Lla»l "LLlXII (jjSj <jl Oj V iLo <jUi-> I ^j-ij .3 _ i_jl^ all ^jjjjjl <La. jjl 

.(C) 3 - ..i^nll jil ^aJI •Ca.^l jjjl g_Sj^JI lillj ^JjlI (ja^J iSfiLJI 



uJlj . Li^ajl LJla ^gj)"> 1 11 nil (j^^j^J IjJ <«Lc.jLs 
jjl dJJj JJLj (j^a j">8'J .dLl* jfllVi <JoSj (jl IjJ ij-noVI <-S>^JI 7> " L$-il 

Ji\ LpJLc .ka. ^[ .dljjb ^jJLajj SpM-JI Jo-^ij ^ I (j i_si>il 

(JjiJI <j1 Jm».V • B ^yi^ ikii >ftj <C£->^ (J^ J '(^"^ J 

f _* 1 V <j1 Ijjj .(C j_Jx. <<JLiJI 4 j-fi ^ji) <J_u<ljJI CjLj'i mnll 

space- ((^l^JL qjoj.> uJ1» jj-jf^^' i4fJ " mnil d—^ j^-aJLi ^^^-i. V <>> da-jj 
«f mil)) <jl^u!jJI ciLjj iu.oJI ^-q jjit i r ) ' Aa ^ 1 -■'•>.' -B j like A 

.(<1*UI C time-like «^LojJlj 



( jljUL» Lo JU j .jLajVI (^LijJI ^t^ojJI ^1 jJ5jJ <<lli»J1 lalo^t 



* "s.. 
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jIajVLj LiLG <4±j-u> <*JjVI jUjVI J d ^JL I <LLi£ dklx. 

j V>K n a a » I (j *i f , l] uu (jjjjJI Cilf-^Lo) <Lxjl£ o II CjLjj" mi n II t<j^LUl 

j-e>i*u jjjlLlI <3-oU*£a!I ajjk 4>> (jliSI oLs <^l^o jJI .(4-9 J£_<iJI ^Jl 

jj-o j(_*_>VI <L»jMj J a (jLSiljJj <LoLu jLljlSLo LaJk (Y j X c j = ii_>^JLj 1 "in (j _i II 

cua. ,10-9 J< All) ^U^JIj <^1^VI (jlujJI - Lsj-c. _ (jKJI 




j_lc <LJ iijLiJI ijjviJI jj» <X ^jt <3 _ ..H*C n II ..IT ill <jjLli jjj Se-iLo jjlc <laj J JJ^J £-"jl-J 

,<J ji n,n I * i-v «Y (^1 <3 _ ,_n*\/ill <iil j^JI <ia_ > ijl I ■ « lj[ dijju {yj ■":■<• jju j .SI ...n 7.00 <fcl uJI 

Lo jLfJil lTi< njj •4''-^' ?U ,,ijj-a 'J'L^jl Lljjl J liijj .< t-i ftlj I (j I i '<i_l ^ <_>Jj J-5 J-« jS.< if. ( i I « 'ij 

icLuJI jjx. Oljj-uj A k hj .(jLojJlj 4j i im II Z li'^ r, II jjjd ^^iJI jj iVvll <jJLjj_o <Ua-uj I jj lilLuS i±i La I 
m^S jUaiij j {A*" 6 'jJ <<j>»JI <J>^-J lg j"> ... ni l (jJx. iijiJI Ji-iu (j-o _>j-tLJ £Llu^ 7.10 

.^LjjJIj jjiljliVI i^jj-"^' ofJ **.>*JI jtjjllJ jj» iajiJI ^jiSUI .JjILJI ^ilJI 



-0 

JjLLj I ft 1 j ft LaLaj <^L> JLa. ^Jj J-" 1 ^ J J ua^Lj Sjjlj I () j ^ ■ Lf l]\ Jjlj^VI 

o i J 

(jfj-oj jji II (JJ^I Sp^Lo JjljVI ^yJ^iAJI ^IfLsjJI B j A Jjjj* 111 nil 

<^jj .space-like (((jKJL m» LjL <jjL»JI oLl*£oJI aIa j .(jaiJis-o 
jjuJI ^Ljj «La. j JS oa~> i Lo £->jLi _j— ^ 1" L^-jLi IjJ c^jLojU jjlj j < i iK n 

- (3-J-^' Sp^Lo ^j-S CjJ^. Lo C 1 I o fi n LoLoj a t*i~» II ijjjjj-uall 



.l^'ijAftl 5jJj-Ij .time-like ((^LojJL 4q% \ .t.» LfiL 0L.1S.JI ^ia 
(jl JaSj .^Sfl Lfji ojl (jJLlI ^ijJLlI Jloj (jlS-oJL <\i i7.ll Ujj^Lo ^,1 (joj 
ola.a Ladle j -£jLi X ^KaJL <ju £ii\ Jl <jLi lil <<£jli oili <$i>i-ll J^-jj 
^ <AI j^i Cyjj j>-l*j 111 <jla^JI ^ LL> ojlaJ <<ii jjJI 

^_s^o ^'kfl-Ji J!U3 aS) Sli* <X v «<oll <<^L»jJL 4 ,, ,7,11 JjULJI v »<..oll 

tiUi>o J da-Lm .L^xi da^j J^Lk <,J^.V ^ji <ijiJI I'i i lalj .(diil 
<£U <3 _ ot£-0 cr* J^' J-* La^j .^KaJL> «Uj Mill Y ,_i » *s ^ H ^ <ki*u ^i** 

«t*i mil CjI i ft II (^j-o Jj^I j JAlj j Ui'i i jJjLSj ^jt _ i _i Y j X (jojJt^oJI ^jJJ 

.<La_>iJI dJj-V,! (jLojj (jl^o (jJc jTui ajj^Vl ikiill £-Sj-a Lot :^^i.VI 

^Jx. d!La.l jjl Jjl <l_La.V 6Jj^»JLuj LaJ djljX.jj 4 ,t. il 'i ft II 60J» 0 ^«j Til 

iikla 4.ll<.ll "LaUeJl ^ OOaJLlI Lalai -MJi (^li 4j-oj-ojlj ji<i'<ll 

- - 

4 17>< II j!) 4 .t K II "LflLkJI .Sjj-uaJI ftj-A j^aij (jfjjLs ^'s't mi <pLAill ^ 

^ <skLa ^ iaUJI (jj<l ui X v «lftJI ^ (E=mc 2 <S!iL»JI ^ SaJ^JI 
<ikiJI ^ £2UJI ^1 , „ Y ^n<ftlt ^ <jkll iBLLJI j ^loJI ^ pi ,AiH 

^LojJL mil ol la's ft II <U K II 4jbLLJI j Ua ft O-S j ^o ^jl J-«-J 

(jl i...-> jj ."CjjdaJI L^jljjji. JiLi. j i U 'i ft II <( 2)J> °J\ i5UaJI J fc iftj m 

(jjlil'Cnll <iUaJI <J-o£ i^jls jjUl V jj-^i-o <3UaJJ ^JLxcJI ^JjJI Qjlj 

•Y J X (jb£-dL> (jl^u ,",.11 



Jjl J-olj .Lilf£ A-laji-aJI «f j'iK n^JI Cil n il ^Vl t,^Jj\ La Lajj 

jl-i-v '> <j1 (JfAj (VJ)? a ^ J JoLSjJI < \ n It I j jjl^ojJI <LxL> >_jl i i~i hiLj CjIJj 

v.A iu*S"i in j .4_coUJI <Lj mVj.1 (^j^.! j a in ^Jt da IU! J)l J jl U_o <LJLlll S jia^JI 

<Lfl£ pL^jjJI ^ SjLiX. j-f-il J-«-ol «llijJI <LoL$JI S j U -v 1 1 6.1a AS 
&j_4 J LU ( jl^s ■■■ Sj-k^JI oi-A 5l <c;2 x 4-L£JI — iiLkJI <E=mc 2 

«* a ■■■ ^-A <l ' ml ' LUJ Ljj*S i ii f j I "jl a ■ J L»jl ■ — ' glj Ljj^-S 4 n (j n II SjLuJI 
1 **'**' .'i c i.i'if j /f-j .^.11 (1)-° J- 1 - 0 I J-^l J lj->-a jJaAj frj i«i1l <C=1 

. " 4±£JI - <SLLJI " ,l ^ Ja^l UpU <U J51 hj.r. ^1- ,V.jl <LU-a 

.<JjUIj isLkJI (jjj V fj^'VJ 

1-LfJ (3j<ij in (Cil J i oL^JI J _t P l ia jjJS Jl aAJ m l ^j-l (j^aLj-a V 

^o^Jlj interval J .r~.l ill iSMjJI J ^-s>*j t>»-j .S^^jj-o ^Lij Jl ml mVI 

<Lfll i. ■ nil J 

2 (tiLa+ll) - 2 (Cr>J) = 2 ( L UoLill) 

J-Jj-o (j-i-ij-la-ll j> ' mi's <LaMjlJI a j_4 fcjLcl J (j iii II 

: , \ -y \ <i <J-^UJI 
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2 (J^tAJI) 2 (J^U1I) 



!■■■> ^1 <JiS ^ ill^JI .:■_!->, <4Jjill ^j_>-oj ^ji jUI k_j j i<v»1 <dlJj jjlj 

Ijjl „ W *> ^'i^tf .^(gj - ! moll /C^ \a . f^.jjjljjj Sjj^ <Lli j^a*. 

2 [ x <J^JI] - 2 [ x yj^JI] = 2 (<££JI) 



J i A -> uj^j <<jjL*JI <tj_uJI SjLaJ <qJ um J i^iliJI l<j\ hi nil (jj^ in 

* „ * * 

<(3 J a II) ^ U II £Lsii*^l LLjjjLj LjLui-a itj-uJI < II 

5l j[ 1 1 1 njl j_cu-lVI k_i_)J=JI ^^J j-iujVI J-aJI (jj>^J (j! J-ijJi I i *tl £ nl t t 8 

J^kJ (jJ .^LsaJVI a^j-oJ relativistic <Ij j .Vi II SjLajJI j_& 4 5 >t „,J1 

^1 J-ua^jjJIj <tj > i"-% ^jl t" ILl Jjj-o £-S^jJ1 1x4 t j^J (Ci^l I i «-i <~ H 

^aJLS ^^Lp " J^LLll/UUu Jl x iil^J" SjLuJJ ilKll JT a j i II J 
j-a> (3 J i^ill u± LjJ j Lc£ <pLJj a 1 1 j_oJI cjIj t"\ » Jl <jl .^jl nVJL 

^ \<\-y i±*jJa U^°l f^J* ^ LT^f J-*J <«^U^ II £^lijj^l lst\ 

v> 0 "* 

<JLa. LJ -Lc. ^ji-iJ j^-l^JI ^LsOjVI <jLfl t,Jjn .ii-n jkjL^aj ,J \f . Sjia_JI ildA.VI (j-o 



jxjl i^i " II CjVjLa-o 1 \ i ,p lj| f i ii j II JjVI J-aJI j-A Lo <3<J 

j jj « " I .^J JJaj " J iy-iU.II j (j-o^ll X <JjSJI " 4 j XII jj! Aa-i UjU (jjftj "t-s 

|j_>_o 4_aj5 . ajJL«_aJI 5jJj_L!l ti>tisk.Vl (j-o j J <*s jJ-S iiiSk jJ ~> aj! II ^_j-S 
fti* ( _ r= k.JJj .itla^lo <3lkJI jl jJ» <3 J iri $11 (j-S LljIj La£ C f.LjjLsU ^ii ^Xjhr 

Olj <<Jjlkllj J-uaUJI/^JyJI X Jjj <jjlkj| u^aj "S\ S^Aj <-U^^LqJI 

■^j 5 jj^VI iljbcJI <jtlS 

CiUI iA"<l Jja-1j .jxjL-olJI ^ L-ojI ?ki^'u <^lijj*5fl jLaJI j-A Lo^ (L^il 

(jL^aJI (j!_> j ^ a" II i_i-% \ I n T> n <Lj] j-4 - J ual Lil SjLx. 4 .1 mi" ^yjJI (SjLuJI a jjb 
I nfljj jj*S aj II <iLLJI j ^lUI £lij^VI (jLs ^K-ojJl (jlia. j-a (jLojJI j 

JL-lJ _ dJj oJaj Lo IjjLi (jiJ _ <-j-Lc J> I Uj (jl t>^4 ^^JSV (jLf^j Lo^jLj 
al^J kij J — ,^l2i)l ,j[ .momentum energy ^Ua^I <SlL ^* kJL 

* m fi £ S - w - 



* if 
JjL^ LaJ -Xj.W II }Ll£j ij^lj ^ill - (^JUa-aJI LjjLU ^ ji" in o 

- 2 (i3LUI) = 2 (4±£JI) sljL^JI JlI lU <ml_Luli <•;,..« * ;: - ? » 

J 5 ~ lr.-.... yi 1v.<.j jSa^j < 2 (<5U=JI) = 2 (<I£JI) 2 (^ UiiVI) 

,jt . a .< dU^ M » ■>!_. If J j a al a'. *.l Ljjjl La I j-Aj <5iLkJI = 4 l"< II 
£_a 5 J a ' a II (jlio jJI d ■■■ ''■(] I Sj nil I n 4 ~> i" 'i ^_A 4 iM "tVi iiiVI SjLulJI 6 j-A 
a j-A yl| Jj_u3jJLi Lll La^AdLU (Jjjill <frL>jjill Jal 8-> 'tVI (j-ul ^ <j-e (jfJjl 

.(jjMiK'n iSLLJIj 4 II jLlfil ^1 * "ij'ij I U: t uil j j H3jU jU 

, u ^Vu iikldl Ail <Uj£ J,Ls <<ikla ^ OLkJI oil=J I jl <j1 ^I'i'i" .hVI LlJt j 
<<lLajJI 4$ -> jJI (j^j .Jdjj <SklJI dl".< JjLi <<lkla ^1 iflLUI CtlflJj I jjj 

Ly ll^ J>JI <kui .<jjUJI *.L^VI ^ Lk <ULlaI (ji^ it&JI ^ j^JI 

jj! <ijjJI Sjl jJ*. <Li. jj ^ La die. jJj-C j Ij's 1 0 I fl"»IVs J-ij-a <l °j ' ° 

jjjjla (jjjia (j^ ^) ^L>^ ^0 LSJ-"* '-' '"J ^ c>*^ 1 000 SjljiJI 

ol^JI dl . <12) (<1ILJI iiUUL) LLL, V II* j 

jj-Aj <subatomic ijjj-ll (jjj ol »j ... II oLajjjJI SjLcI J-il^ (j-lJI <J5LkJI 

(jJLlI dJj ^a I^>-jA^ (ijjjJI (J-^' 'OLjj^j^ajjJIj dLjjjjj_JI 

i>j-4 .ic _)_LiJI J_o JjljjJ i;J-<»^ !([*« i^n jkjij SjLJI Cul£ li-coLiJI «Lj iii'iII 4 ni.ull ^jjjjl ^ (10) 

_>jlaj ajLJI ^1 j[ <jjlt jl^k (jj> a_>tj 

a^UI 111 <(2,lioJJI ^ULllJ ^LLa^i. Lu^l Lu» ^oa .bl a ■> 'iVI ^j^li j,l 6 J^aill Lulj (11) 
< mi ^.i J. Conrad i-ij^. j- jij .< mjj^ II <jJL&i ^ j ■ ■ - * uj-l* ■-■ — _-i Lij^jJI 
tljlt! idlj y^i (2)1 <Jjlii)L ljj<o _>j> L^oi (jjjj^ jiJI i am'i _ The Secret Agent JjmJI 

no'n I I Jj>?^I j^-lt 

^1 JjAa. S^j (jjjij 540 iiLuil s^illi <LiLi .JjiaJI £j\ jj JJJJ lUt JIjli Ujidi . JJj jjj (12) 

2 a t'val l 



nuclear <jjj±1\ J-LAiVl Jl uiSljUl (jj-V, ..■*> j^-o ^ t ^ _. 1 r J-^&aJ 

^ n , hi > j \ i t<~< Jj-xjljj ( ^JI SjJ Sljj t 0 I 8 » ...a*." <U_LoX. ^-A flSSiOfl 

<LtsUa _>i^! CjLaujjj ,j-a ji" in" £jl SljjJ! jj-fl CiLjj^j j) i *i II j CjLj^j Ju-^-U 

235 ^jjjlj^jaJI (j-* CiLal_>£. j 1 10 ^ ini i Lciicj .SjjIjJI <j}UoJl Jj^-j j»J 

I j-A j <cjLoI >c. 1 0 Ujji <Ul£ 6 jLoia. JjUj Sjj-> oil <SLkJI (jLi .jl L *.ryi ^JJ 

4 inj'>(j lli lj£-A j ill j^js {Jo i_Lfi 30 J>a. 4 •>_»"*» 5 jj -> ft II <iLLJl PjjJL^J 




*iq ji jr.vi... oijU*Ji <u^, 

^-S 4 1 1 ok II LLjIj) j an j li 1 1 ^-aX-t f-j-* tr'l J- LO >" liU^JJ 'J^-' ^ m l m l CajIj 

5_>1slL> elJj ia-ili lali j£j <Sjl >=JL) ^Ct'iKj nil ^(j-slfLdl I'tS'w <^U-a. <3 J-^siiJI 
CjjI jDI i_Ai». I'm If. Ijl <j1 ^jJ liLit Lilj . ^dLoljj Jj-ojjJI ^1 j"**^ 

(jJI jLHiVI _ I ml * o I* CS-H <( jVI J ILoLqj <UlajJLJI a (j Lj m (J-t'li <jj ml mVI 

<jl ji (jjl" uujI Jijl j .J_uaiJI lifJ ^JLiiJI i_Jill ^jJb Lf jJI iojIksJI S^iiJI 

Einstein's theory of 4_x_>jUJI ^I'v \ _>T <-j>kj j! .general relativity 

.(((^jLLiiiT 4j_>li:» <loL«j J^j J .gravitation 

tiijj .^jLJl jl "^yllttlll oJUl ^» cull, jl^ <( jJUJI 

< l*t*s (J J G <_jj_ba J ual a. o f _i ml *i""t a ni^> ^<LijjL^^ ilLij a jJs ,jLi tjpjjjj 
« itill ^£j^j_oj a in~t (Jjj ^I'Sl in nil JjJ^i 1-o.lic. 4-il i_i 1 1 il *>" II ^ 1 1 l J -A m-> II 
bj-a <_Sufi 336 I (j * I'l^ ( _ f lll t^ ji i o i . h . 1 1 ^«UjjLa.) ilLiu Sj5 (jLi .^oljjl ii m . o (^jVIj 



.- 2 15 ^lO" 11 x 6.673 ^» G J LIU iJ^AJI lulll (13) 



<JJi 336 ^SS <(J i»jVI <t£ (> 

tjn G J~ '*« ■■■ tl "*l (j-oj . CjUIj^.VI tjAn ij Vjl j^Al! 

(jLs JjJaJI Jl At" niL jj n"i ILj /^'jjJaj 4 I'l'C 11 i'I Ijjj <ji uta II <-li£ 

(/\ <5^-q 336 _» ^ ,i.JI Ll^j , jl o_i I n 4.41 ^ ^jVI 5±£ 

(j-ojJI J JjlaJlj <Jj511I ^ U^' ^->^ ^ -b^^Li J l-A^JJ -jJLojIaS 1 .48 

dlJjj <_j_ejjl ol,.v ~>j-> 1 1 t ft •> I o *' f j 1 1 1 "i II Ljjj, i (jL^j • J^ 3 -!! ol 

5 j .7.1 j n ft aL ^U-w" luj <a_iu < » <LLoLaJI jljX.VI _j£J <C m<"IL 

i-i i^i j ^ G (j A ol i II ojLHI Liij^. Llj| I iL=_Mj ^1 <_!_> I r j . Jit 

» j fl ° " <La (jl* " ; <,j-A (iojjLa.) <JLilll ( _ f -^ Ij-Aj < ( i_o jUJJ) iJLSHJ 

(jV Jj 'SjjljS O m l n il 4_ua-At _jt L^J (jV V pLlj-iiJI JtfrloJ G _jtj t ^'til i ^o 

(j-o VdJ <? l"< II jjjJllil (cjLal_>£. jlj<ll <ilj_o) <JJ>t IjJ n'if.l LxS^Liul 

Ujl jjI ^jVs oj <ka.Mo ^^it ^ .(Mle <j^aM) JjlaJI (j-A J <<-jn_Mt-.il Sj^aJI 

<jl ^ <jLiiSU ^j-^i ^c. J}Lk dlJL <_,t j ■» ~ Vt t-j^-j ^jlJIj ^L-^JI 11a u± 

<LlS i ici I i . 8 i«~i j J-t "i J 3" t 1 LijLs (JjJaJI <JVd-i pi i n^.ll ^ 1 n-^ _jX. j i H "> IL> 

■ <Cj|jl uf I u_S^C jJ (jljJjVLl ^jik.S lltl J nil 

<-Sjl ■ " - Jj_o <LaL«JI ' ' ■ *■ II T- 1 ■"*' J a » I I Ljj-clj ,ii _j_C j a lu '■ ■■■ 

SLiaJI La^ < « UJI ^ JQ J ' " a M a *l ua a II _j 'I " i !u *■ ■! £_a S jj () < " n 

Lot f^ljA ll La jaC 4-^" <<jjLaJI SLajJI 1 "'*(!.' LajJ <ial a " <<LjjLsJI 

Cjj^. <j1 l-AJJ t (_>^-j i_r^' 4*ijLu^jaJlj .^LjJVI La j) n f , < -y "~ a <|t UJI ^J> 

^yi ftljuba nil La IjJkj _ S^SJ « iajLLa ^j£. jjjjLLU <JjSJI Jl o,»j I ^ !<■ 6jLx.ll 

^> Jf^UJ 5HUI u'iUi ml LaJla dJ jj _ ^ „ l? ll ((SJLkjJI <J3SJI» 3 J^lAJI 

.Gm/C 2 J.iiJL <jc (jAjn'i .ii'i .JjJaJLjl <ta.j ^jlt (14) 
idaJI Jil jL2 i, « mi Lljj».j <tdlj LlLti lj| L«1 .4 i^ i a l j n . H ai* e-lj j^Jl ^iUI Jj^i V (15) 

^y, j 'njln 8.8 <iLui« jjij t/ojVI ifiS _f jL"" 4ifc£ ol •(lW'^' ^'^vW) u^>" 



• j» m^ II ((«ulalilil 4 IVs 1 1» ^ n nij La IjLA j (^ISLjj ujj-a. JjJjj {Jf lc j» ma II Sjji 
(J^j-LjjJI ^j-S lj-^lj mi" <LSJ_> I i t t j-a-J j il ^ "i II Ijjt (j-o Q >*i"i II J-Sj 

a_J j t Lr i LaJb <lUliUI < II j £L)Lk*J iHUI <jl S j5j ^ jj la-* j <LfjjlS 

S j i til J o j-*U=> i_U ml J J^a. J ^Lfi (LjjX. Lju m IjJh ££^lLu» dbl Jj V . t-i I MTilLi 

JJLaJI 6 jil 4 ^ il U n (j^a^J <jt <_> j LfJ ^"1 KjJ ^ ftj ft j g_Q i <La jLLo jl j m <j 

Lil j Jj! j-^j" ° ' 1 -tsj-=J jj-=^-J <Jjl 1^ II ajjb ^1 .jJ "> mi 'ijl jjj-uil 

Lljl J *> (Vjl— S .j*-J^L_o I f C-^ Ml <_oJ> <j-^J (L -L) "> "1 ft J-» irl ft ^^-S jjl Jj_^.J_o 

<a^.l u' <^Li^>yj -<fLu (j* 100 (jjjlII) JjLLJI u-a (jl jj-y •> * 

jLtu-o ^jl (jjj LiiLs <j h^MxJI ^ L>£ Ijlj .j^L^I £_o I \\-J\ Zj£ JjLiii 

'■. tA mi l £jLa. <pLAill jLail ^ L> JJ 1 0 ft (jl£ ^aJj .(11-9 m i I I) Jujio 

j> ^LUI JiAll 

(16)*" p 

<GljJ jx V jl j" i n ft t Jojji«_a « lit 

J_i^ (jjt t-i "5 > (jjlnj ft II J (jjjJkLaJI jji. Li i'\nk .4 AJ o I I i±>dAJl SLaJj 

IjJ .J-OaJI jjc « IUI r <LoM_lu - J -> "■ «^ I ft-v J< > t I j-4 J (LiLo <JM)lft~» ,IJ iQftll 



- j I 0 I A *■" i *» LijLi t « II r I LaJj -lS-^ Llaja m J 8 i nVI jt'i m't 1 i M S 

^1 I '-vt ( j^ Sj^JI i_s,15 jjj^al jjj <ljjji (jlj ni'i I 111 4 -> I "i n I I 5aj^».jJI <L^9jiJI 

U j i uoli jjVI S^>^JI (jl 1 fti.\ 'i f mi JjJbOj i_> l ■<-» '! I 'i i's 1 .j_i.VI 

^aJI Je ,J| ( _ s ji_f} all .ijjjLJI <Ui f-LAi ^ jJ <l\\j) ^_ii"> mi n 



> a <«-i" V ^jJLil! ajx (jl Llit i n'^ l (j-o Jjj-Io (J-i-5 ^Ujj <Lf3lj i^Ia l^uijj tjjj'iLj^^jJI 
.4-10 JiiJI ^kil .L^aiL <jj5tj ^,>U5j <<liii-o ^jl»j5 
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j-=»-j Luiji^ LSiK /. I ».lnt Liil o-a.is Sj^ jL""> uJ-^J '(' J '"' "' " >" "- 1 " '11 "9 J < i n I I 

< « _ « " 

jl in ft II 4jL1La^JI (jj* fr^ mi t (j-uJ frl iriJJ II ^->jl *i I Lfl Lo <jj fi til ^ i ni l J^uj^Luj <j^Jj 



^iiL^JI jl ... n 11 <jKJ , u m o II ^ jlj l^jLjJI jLSI 

<<j^>_j k< hi _> j< .^.nll jL^a LojAf. <sla- _>i£I ^ j5j lj S_£JJ parabolic 

Ljjji 1 < n J 4 iLl^ I ft* j -» <G| j-A ljuft (j-o 4 nj.xlj (^Ul (jiijjjl .pj \"\ in n JaJ». 

jJ j .l^a. Us jl in U2 luj 4 i"r»'ift eMlfcl ,jj_>L jfc (<jjjLJI) <JLSUI jlil 
< i t 

<<jjja-j t-ii uo J l ino ^j-S 6 jaC JIjJo (jilt jl <J U '"'"' 



i _ J -i 1 fl j If J ft'f.lj ^1") iVm! aLtljl 4 .caftj nil <-Ula.M_oJI 6JJk CjjLjI 
Uaji i.i t-»< < in n"i n ^ ^jjJ^jj (J^ 1 - 1 -" (j-Jj n~ilj.ll J£ <jt <Vj1 <£_>2sli LI uklll 
li> I « I ( j- '" I "' ^1 lg j"' -v n II I j-4 .4j in Ij-IjJI c-LjJ^aJI i_ri*S L yj±i JjJ '"'^ • ■■■ Ij^a. 

<(J -oU. <l?.^jj .principle of equivalence JiliiJI 
(jr~i I t"i II (_)n i'\ I (jj* i A j in d -^*lT> JjLljj ol ml i < II f.|^k.y ftjf 1 ft 

ftjjfc jljJ IVVNajj .«L!ol_=JI 4j» in'ill ^1 <J Ljjj ^jjl (jlieJIj JjLojJI 

jJJoj JjK njJI 4 i nji A £jl :^Jb £_uijl ^.mj'i ft £-^LL L$J "'I a Ua l<3 a ■ (£^£.jj| 
I jJ -lj^ UojJS m Ua uu ^ r i /-i n ^1 (l**^ "' fl J*^*' 0 **-'"^*' & I (j "'Q*> 

J « if< ft ^j-S ~ i a i^ 4 uaLaJI 4 I ■ mjjl I I « *i i 1 ft i g 4 *i m 51 j n LlJ ^ i m f l _y- L " 

4j ays ii jj< si ii jjjiiAij^ ^ui jU-^yi 1} 

f- jLuilj 1 LSI JjjfLj j2 Ja h-yo t JaSLuJI Lt J » 4 i.i.U(j I) L_-J 

4-> UU Loli .lIL*. liLa. li i ^jl h."l.> dj ir i^i o JojJLlu (Sj^; jjjic <asteroid 

jLLol 5 j /tif ^n>*> ^jl iint (_gj» i«-ift Us iiij <(_)ijVI ijiJ^J Jii ^j-jI -> iii 

,jl jLLal 10 Sdi».lj <J-jl-J JJ-> Aiajj in j^j 111) ^JLJj-aJI LtjLUI ^ 

<LljJ» hi n ^ J£ ^yi _ ^ injj'\'in 4 inj'iiH Ljj) - flat «4 U uiJJ n » (jliajjl 

.lilltSj ( _ y J[ 4 i iii'iIL jjJjj CSJ^* 4U im'iftll 4 inj*>(| II Cilj SjjjL^sJI ^"nt j 

<ikla Jli :(1 2-9 J< itill) a^LJI j> ^Ul. Sj^ 4jUr» <JjL^ ^ jii: Lojj 
.(jjJJi 4 aU'tn <_»jlj i< -*Ti 4 ak'i « <4 U i n i't n 5j, ji ^ 

Jajj^j ). j i£ tjJti j <l_>a^l Jj^. j t*\ till (_^o Cilj't iii Jjlj (jjll-iiljl 4jaJlx. jJI 
<|> \ — (^jLo (_^uj^j J-a^jj LoJ-'ir (j.-. n 1 1 I ([ i<^>« t U i ii \ \ ft II (jl^a^JI 1— »1 *i ft 

?4^j ^ (_>ojVI ^^it j^j-JI ^l^j i , a "-ij Lr ljia-» "jLjIx Lo^>5 - Mlo 

1 ✓ s 

<JLSlj 4" i n hi" (_jJ-t c-LoJjlJI JTjJ I- 0 JJjt_J mi ,i ji^sl <i*l i*\ J-^J 




ikii tf 1 iuU Jl ^uj^JI .12-9 JiiUI 

_>iljj_> J I*! . . II _j.fi <-) < _i I »[ »l iA S II 

4 fl ti *i ft Jj^^jj fLxu J-fl-a frl < I I ^jj^-i iLi^j^ 

(j laj J 11 i I a * 4_jj_i_L5| < S U 'l n (jjl 
Jajj <J Ll^ "LolxJ! <" 'ill ^jj JjjLj ujjul ~U_>laj 

Liili^VI plv.ll 

L_iLaujj ■■■V eilj j (Spacetime bending o^-O-" u^-i cM*-" J J^ 3 ^ i^^- 

(j^-a-JI (jV <^>lli ±Z L»£ I 4_i n ^ujJ II* .Curved <_>ujjLdl (j^>" 

jju ,d a .a^ II ^^ij .L^JlljLilaj jjLaJij Lijj^Jo *ljj ^'s m^yC'to A mOlA ^ i A j 

Lpl j-iki _> I _>_ii£ J^-Ji iaUJI <_u ...Ml qualitative 4_»«j<H jLliVI ^LUI ^ 

^jio frl 1 AS ^ 4*1 II j> () '1^ nj <LaL*JI <-U 1 11*1 II j»-fjV <LuaLkJI «Uj mill ^ 

' Jj>.'^ 0 J "~" 4j!SJ <__uj n II (jliajJI j)J» <LaL*JI 4_m iii'i II £^y_ui_$_a JjV < J 1 1 1 A"t 

.dJj (_j.lt Jal ^Lui I jl (JUJI ilf^j j^AliJI J»>j <GV 

<La_j_alj <Lii « 1 *l a « II ^ tL yu n II c-LiAAJI ( _ f lc Vjl ^jj-ui LliLi <j»j (j^Jj 
^jjJI jLjLjVI JJX. (_yaLjijl Ij nj ftLLo J v .hVI ^a! t { jj\ mjl ^ La^j .La J^i. 
^4 j^a'i La_Vlc L\j| J-u .(_5^.V JJaJI Ijjk Jj jj (LAjj) i<-^*i Lvxlfc 1 •-- ■ 

^t_lo_xuJI (J-iAJjJ oJLj Jl J (^jJJ j -^1 -> 1 Ljj| jJ-u <JJt_kJI ^"'l II (_jujJLa.ll gJa mJI 

(jxLj (_>ujjLo (jlioj jaSLaill <j| iM't's <w IjJ <«,JikljJI ^jJId LujjJLo 

~ ^ ?5 *• 

ijjk 5v ,ajj jli ^ili v u iji^i < „,n^ ^ j: <a-.n llJuj .jL^vi 

^Lj j j in" (j-JJ^J OJjl Ijl (j^J <(jk^JjX.1 (j_o n -> ^J-ij) ( ^ " ( j 4 jjLaJLj 
jj's i" 1 1 (_^*LlJI p Ik mnll .^laC iljLa-a JjJx. uaJ Lo jJl laA ^Li (_>ujjLo jjl^oJ^J 

pi infill embed «^aia» jj* j^.Ij ^L-ol jjj ^L^ii ^ ^jl* jjli-oj ^ 



a jjula I'm .If. <jL*jVI j^Ljj (_«>3j> (jl^-oj jj ■ /■>" Ij .(j^lDI f-LukiJI JjVt 

.jl*jVI ^ ml n-^ pLuai 

jj*S <*i 1 1 j . 1 1 * i II ^yjLjii ((jl^-ejV) pI £-a JjjLajJI LdLx J i^al jaJ 

(jjl <3 _ el iAt ^-S I jj) n U n <Ls>U iii <2 _ E-l n-itll jj) it-iTl t^^j _jji-o <ui 

_>SLi .^(^jVl^ <<jjLt a_£) 3 _ £ U in <i" a ^olj 2 _ *LAiJI ul jSLilJ > ^ 
Ijjij) °0 JjJL iaa. ^^ic *l jl^uVI ^^Lc Lial j <ui jq itm ^ ^Vl 

^ LaSlj oil ij^J (c^^ 1 ^-^l V^ 5 V^J yr* i >'* "^J 

e^^JaLi £^ Lljj-S i'I U ? _t lljk j) 90 6 j.i-3 JjJa ^j-Lc f\ J ". mVl U 4, 

<JaJj-ui <JI n it. II aLaJjL) ^ .u n II lo}t£ 1j-LJ Lftdlcj <S_>LLna (j^LLj .(jjjIj^VI 

<( j_i_ijJoj i iM-j^j-d 'LjIj CajI <Ll2 LaJj .4_Ls._)JI (Jl ^aJo I >j n > jt VI n iti i fl_j ~i Vi 

jLpVlj CiUa-ia aJlj (^jl^ .nil Ljjljl-^l JiLi. I (j |) il '< ^ylll C)Lij» i^i II J^LaJiliui 
<La. jJ L^a. j I u J-s "> <^JLa_£j| iliUill ^jJI LjJ^ua j JaC <4jlfi!l ^Ij .Lj^laJI 

^ lL» o^ 1 ^ o^j'j^ 1 ufl^JI £^Lu,VI IIlLcj .(13-9 JSJtJI) 

4-ijl j"> n II Ja jU-^ II «^ ■ a <Ll5 ^ LI a*.", pi io j J^c JL/Lt j mj'i|j II a j-A 4J c-l iA 8 

ol j ujj i j II (j_c SiJxl j ^ I f JLj-o pI i A a II lj_4 .i. i jj g- l ■ A j <Ljl 



> Lc d ...<"■(] II tj\ jJt 4_>J_ii3IV Cil mJJ A J »jJ a j in! \ n II olcl iA"iaVl J-^j 

(10 J_uaiJI ^ alj-l-u» Lo I1a j <Kant .kit^ A>lij (jt^ La^) cj <»j Ij <(*jjj^iJi 

iJisJI <i o<l -> ft II I V .LAJ^xj 4 Air II ala^Li_oJL M'-> ,o CjLjI o^oj I c ij .m 
«4_>U»ll I nS^I -> o IU .(j^jjlia ^akjuuj! ^Jj Lo£ <<iiLaJJ ^Uj Oi^ 0^ L*A^.J 
jjX. La Ijjaj <<JLtAaJJ I iM *m"i ml ^j^lj-aj ^-jlj J_Jo^a <<jj II £-o 4 i II ^> "i n 

JJ mi Ijl Lo 4 M!La ^ <jj "i II ^l f. III I'tjlf. Jlj_uJI lis 

(jl^ jJjj -iiiL^ ^iLuj» (jjjjljl© ^jjjLui^ J^jJa ( _ r Lc Li^iu lj[ ^Jl L^.j 





^ <> JiL-j jik^: oil .13-9 JiiJI 

iJ^Ja Ja_^ ^ I ** VI— a— i J * ** <pl J ' ■■■V^ 

.°90 Jj-kJI i^L ^ -^Jj .^Ijh— VI 

I ~ t~ ■ ■ ^ » * ' a *^ I . a tl jjijliil I 1 * — i ■ — 

lj ^uJI lf iLS 

- t- ■■■» <j! cU^J .jL«-jVI LiSill S jja-u, 

.jbuVI 



II ^Jk^l <>> j^Ij _ C. Gauss (1855-1777) JujLi J^LS 

t 3 f..al j a ,~.l ...(*. A <jJj13VI i (| 1 1 J^ J ' j5 4_j| La j LLa <Lu^oLc S j ^a _ I « > 

:JLs Lojlc idJjj 

ijjjisyi i .ii i < a H VI ^-i ijVtj 6^- <>»V oij ,>> ^l>«JI I I 111 



<B. Riemann (1866-1826) cA^j jJ^j-? u-^ jj* "=> t^ 1 t^L^VI 

1854 ^Lc UUJ! AjS iaSuui l Sj^»U-o elJ jj 

^LIj l->U ,., 9.14 J^_iJI (j^j .1 iAJ <jJLlu I uuIa clj ij^iislV ciUI .ni 

if 

<^j_tu ^^Jfc ^jnl-t* Lojjcj .jLsjVI (jJ^J S-LiaS I j j /i U ft i_ill iii (JJJ^Sj Ij JXjJI 

\SA i Jl m (_jjj^Lj (_jJ Ji > II ^jLlii ^ U i ii ^j_Lt Vj) n *\ n (2x3^-^ ''I il 8 

.SliaJLa jJoS j i^j-tij^-ajl j^jljp ojl II <Qj_a jjjC JJ£. g-l .A a II 




1 * ■'■'-II - " 

(j-o <l i I " n Lcljjl <LaJt (jl_> I_ijj_t-S j i<t i n I ilU n II <-a,\ II LjjjLaJj Jjlj j 

pI K-itll 4 nij'> ft jj»">j ,jl <JI u' jj) 1 aj > f-J-JI I T>^«j <<j,.S iUI^UI <j mj'ij II 

pi 'A < I I (j-o j i I* n ^ la l '1 o I J^jij (j^Laj <j| (j-ijLj Ij-A j ._jjLI j^jJI <jlia jjj> 

J^' Sj^ t-« ■ "Liic J ■ >-->■ *« pi tAj ftj ,j] j^n,) < ^1 ^ . 0 .8 .«( tl" -> n CjLlu^Sj 

i_i-k^-e j t"i it .A a II I j^J j .^X. L^J — 1 ■ ^~ ■ I LflJtlj)" ml U -t (j-^- J-^l J-ll 

I J *'*^ 0 4 j .<jl j" ■ ■ ■ ' l~ >_J_>J5 (jl uQaJI ^fj m 1 < 1 1 iti i_i II 111 (jij J-iJJ <_> \\ni 

J 1 — a j I LjjuLuaL> U Mill ti» tlilj J 1 jic^ CjUI i A» (^S^J ~ x *-f\ LLj_ui j j ni JI 

^1 ^jl^-a ,_HJ>ajJ1 Oj^Icj <J£-AJI ^Jx j mmm Sjji-ua CiUji ^^Jx. 

£ jU ,,, |_gj j i isj 1 II 1 LaIjj ~_C » pi 1 nil ( _j_S j I*-! *3*i II J^J ji . j-iJ 

.^ilj-o <ifl mlj Cul) j-=J (_jJJ (jl^-a (j-o t *al"^t" Ijll 'ii^Sj 

J-alaj LuLfi i^iL^al JJLj L^J qUI ua< ^ Sjjntift CiIpLuoJ ^ j's i'l LoAlt 

jJL»JI u ai i ,—Lc jjLS U « ". » hyperbeing L j_i_o jj I -v n j 
<iilii j-oj .V Juj-5-o ^JLjJI lj_A ,*)! ^^Jx. Sia.1 j S_>Jou1j |t < -> II j <£JLxJL»JI 

I j) La <JjA«o ^JjaJ I J a 1 Jjfc j f<l_ojjia Ll uajl ojl£ Ijl Lo i_ijJLj ^jl < I 
Lf UI oMa.jJI jjl jl <<jjl mil I 1*1 itiSLa LLjj tjl II SLwjJLo l't.'lK 



(j^-o-s - V j»l Lq jJ <a. I J a j I *i I il ft"i t *'"' '-"^1 J-lj-"' — LjI j Cut <Lg_j Lin ft 

ljj«t~-> £l II lift <jl£ Ij) I of jialll hi Lf k. JjukaJi LpL I (j jft jj'Sft'll 

!'■■(]" "'I j (LtjJbUa (j^jjl^La i n o (j-Lc (LjI j i~i.il A \ ft 1 t-i'tl IjLi dj^Jt^ .V 

d I °" ■ ■■ " d -v j .Lia. jja I (_£ jJI g-1 i**iftll (jl i_fijJLj jfjjjfc <<a»jj I 0 j 

.V fkl (j^'-^i ^ £" J ^* ur* ' frLoiJI Jjij LljliaLj <jl£ Ijl lie 

juji* I (j-a^ (J^Lifi ^1 J ip'*J '±J>-i\ Upj-ii j J*S 4") I I Ij-A jj^Jaj I ') ftj 

joj.i, <<J\ U^,j jajj .(15-9 JiiJI) ^JUAll ...Ull (jJt JL-J . f LAi 

J-^-J <0 J^UJI Ja^. (j-^ *- J JP> ^ 5 j nJjn I j ( j ^ J JJ (£daJ Lj^I^ 

JjkJI ^1 J^ua* <j1 ^1 f-ljlxuVI Jaa. Lf k ^_uj <L>la. kilfcljj s-UjI £-«J 

St ?iUoll J lu .^Vl ^ylc jj 1 in dljl <i_i 1 11I *i n II cxijJI j .L^ia. dicljj aLajl 

jji iijj 90 U jOi <Jjlj l_sJjj .±.j ~> > jjSfl «LaJI3 dlfcljj <jt Li! <i.la*" ^pJI 

* # - ' - 

^yij !L$-1£ cillLk j Jl>k> -J»>^ 4 O "' 0 til^ljj <rij ft dLil <L5jJLa < Lf - c '->'-* 
51 ^IV,-„,V1 Lid* Of*^ 

jJ> (>oj <Lixcljj LiLaJil ^1 U"j i n < V > in i'i n f-Lj-ai 
(jjuLiSJI {j \ n 1 <hiL)j (jx. ^LbaJj .1 U 111 ti n (_^u-J (j^ajiLl ^ a tla II In in II 

A i Vi \ n II <LaJ ■■■■■■ ^^Je I n into dicljJ j j II A 4 n^ujl* 1 1» ^ n*S II 

i 8 irt'i Ci ia (^(jJsl&JI ' a ■ -^'-^ j 1 (£J>\ m i (jxi ^SjJLi I jj <dijAdui U->. la ia i ^jJI 

* i (17) 

Lijl in « (j^jVI j li i l- a loj (jj^ i_i i in tj . ^j^jVI j U t i t i«~i *i j_a j U t II 
>. ftjft^» 'j-* ^f 1 -* 2.4x1 0" 8 jj* -^U ... (_^j^5" ^jLs <^ 6400 

(jxi j ft"i I I >U4flj jjl J-J-S Ij-a. 6 j i X < ">l hi n Jj-a. j i in II 1 i i I f i i a ■ <jl j^yJI 
(jij A I ft :6j) l-i ^>^Lj j»J (_y-»l^)J) « "**■ ~>l iii ft (jl (^-S i—i I ill II j-A lj-4 ■ Lm j i i i -> n 
jLLoVI (j-a i_iVI At isi) (_j JjuLj (jjj () 'i II (j;JJ Lo l_Aj_tuL5 ^^JLlI JjJLaJI ^-a.1 " 
LAjJai ! , ft ^plll <aoS 5^ <_>u^Sj jjl .(j^ijVI Juj^Sj _>4-Ia-> j»Jj <<Ajj-(JI 



r Uj-ki . a i^'i ,^1)1 S^SJI ^15 i^-L^j .(jLjl j 7t/2 (^jLiuj iiLcljj ijjlj ^jilJI jj[ (17) 
.(71/2)11/271^) = 1/r 2 :^ji ^jSUI Ijl ?7Cp=p jl <1/8X(47lr 2 ) 



n In 111 ^jujiZ ^Lii ( j'C Hi .1 5-9 J „< in H 
Sjlj Jj_C ^Jh liUiiJ Jjl ^JaJI .^iL^I 

"LJ j fLj_u. jj-i (jJJl 4 U 5 *> H J^a. circuit 

^yjl n Mill i_ikil! ^ ij< nil! yJJtx jj» La£ 

Ja-i. J^-J lj^)-uij 4^1" I ijf .1 (£Aifclj 

90 Jj-kJI .twi. ( _ f _Lt tl^j^i^l 
,^1 VU_£ Li^t j«Ji (Jitlijji. Jljj .k^. ^ 

jj^^kJI JtjJa Litljj 1 ''J«;tj ((jJl n i ".II i.iliall 
eLtl^jj (jl J ^ *> J iri"i I ajXa 8 «( g "> n 

<^jj 90 LAjJJ <_ijl j i i r>" 4-fc"i" 
iliiiLoJI »"u ,jj> ^I'.'l'l i.i VI UVSnj .^jJll jj 
, Z ^jJa_5J| i j | W 1 ^gjl i n j i n I I jju^ij 

.aj£JI jjsj i_i mi jj& _>laijl i . i uaj i.'n-> 

V ^jujijJI JjLi J La. (j-Sj .lis- Sj ji i/ti CiUfct a ^ U i*i ^^jjl I j -> t- i m j-a 

jjs j till .1 q U in JoLaj ^-j o <t .ii a 'i j^_s <^_>^i.] ^Jl < l o-S-j ,j-o jj « ">j 

(jjJ £-3j <j£J <<jt^ 1 o'ljl l1i^.j-o jJLj ^La^jJI 4_iJxjjJj .^jlS I 0*1 j l I l Aj 

<^jj5 <<j*ij*a-> <jjLo ,_^=ij1 ,1 ii (jit «lL>_^JLj ^L>UL> (jjtojJ- 0 Li_uJ 

' " ' * * 

pi jj-i Cjj1 c> I ~> * j (I j^I iii Lil ciji t > IjLs .^ujilll i a I ^L=ka a ><-\y jl 

(jxtii ^Jl u'j^-^" d^ia-J ^jLj-i (j-S LliJtljj J L*o^jJ f J>c. Jj^. JU. 

4 lr> uuli c-l lAall ^ aU.ii ojl dJj jl ^l"t*>" ml ( _ r ic jjjjLs (jj's'i mi (aLaJlVl 

,j1 I *tj If (ji » "j J 5j > » 9 <l o j j ^LaJtl jj-J <-J^I j «Lai (jl Ljj^j I jlj .<-jJ_i 1 i\j 

,<JL^JI dJj ^ji .5jJui5lV (j^i JIj <<^u^la pi lAall dJj <ikjua ,jl Jr-il-vl nit 





Jj .iitLL^ gjljj S-LAill ^-o 4 « 1" A, n II JLLIaJI jj£ oM^jJI jijJ <l_ajji£.j 

J "* 

loops 1 00 ^jx. J£-£ (jit jJ <i±LL^JI ol jL^JI J LAi j^i Jl \\\< n j 

1 Ti'C n \ (_jjJI <-Jj II la n'\ jA Ijjk .4 'i \\ \" n ^jljj ^^JoAJ 4 laAjJI jj^-SJ Jj^- j 0 
.ff-l lAjll (j-o <SJalo J£ SjjLuJI 4 niit'tp II g^jj (j jJ»*V l LajIj^.| 

.(jjjjiaJI frl lAill q L l« V> I "» LaLaj j> fl S*> J (JjJ jA.1 8 n ^1 4 I -> > jj^Jl 

* ■ 1 

J\ o^-ajJI (jJI j r I V pl .At j_tc jLui_o j-a goesesic ^-u^jjj-^ II L^J\ 

j \ t < \ |> ni a ' »j in n jJk ^ i n i J j I I U-> II < l-i i mi n f\ i A t t^-fj -j l in il l 

*■ JJ (jjl (_j-£j ■ U iiii'io frl io t _ 4 n \i~ in n Jo jt-i-> - j < in UjJ-a. Jaj) 

(£.111 ^j-i-u-iA j_i II U^> II (jifi J-Lj j*> U Vt ^aj jjiaJI j i r-it l jLi <CiUI l Atl l 
S^jIj ^jlc. ^jjjjjajjji. -LA. ^1 £_Lj <S_>£ U iii (jltj .( jjllalll l (jfjL* (jfJ J-^^f 

^ic ^1 "t U j j II Ci* <J I . JjJaJI jjxifij I n() I (j J » J-o Jjjj Ij iimJjj^. I t-i -k ^_Lu__p 

^jlll ^ I "d'v.' isL^o j-uai! <djjj>jjjj ^>ill Ji-o <o j< !"-•> • » JjJo 

CiljjUaJI d I in" <Loj-qX.j -ijj" laJLllI i*lj°i"> t SjL-aJI ^ n k i II SjjIoJI (j-o j i i ^VI 

li* .^ujiaJI (jl^oj^l ^1 j^ji^JI y-l lAill (j-a Jl i" 'i^U JjSfl tltSjJI 

(j ^ nj I j -> I " -\ i (_yJ-!l j»J ft! « n II n (jV <^-5 jlj La^ I i j n (_>»i-iJ Jl 'iVI 

ji^ II IVi^ o t j^jio (jl^-oj jj i^-i"ijj .4_iii j4 II C)M iA<ll I Ti i nljj La jIj ml 
s-LiAi ^ jj nU o _ ^j-'j-lJ jjLVIj (jbLoU <LjuXjlj ajxI _ jj_JI (jjLij U in 

Ijlj .d*JI ^Lii tLAi lijj^i ^aJI <i,>JL^ Llj .jlJvi ^i^Js 

Jj^J .^ r ti mi l 4 njVt inn Ja jl-i^ ^^Jh 4.J i mj J jj-^ I I -LjU-^ ILfl <l U loAJ fi ^L^xjJI 

■* * is ' " 

(J] jjjj J_»-al jJI ^loJJJj^JI ]aJj\ (jj^J (jl i_<lk'~ (jKxjll iLjjiaJI 4 u^Ol^ II 

f if 

(jIjjjj .((j^^jjj jja_oil£ j^jj) I n$ iji interval J_^.Li JjLV Liilj^ ^ 

JJX. I (£jJjJ ,^1 _ <1xujJ jj^J Ja jkaJI (jLi j^L^-ajJI ^ JLaJI jJk LaS 



* * - 

J_£ J-a-=kJ <kllll (___* .l$J£ 'LJjdJI ajj» Id (___)! J-^aj <_j5M J 

_jl (___* 1915 ^Lc (j_>l"t .t.'ijl L^_ol5 Lf ll\ 4 a \ k < H 5 j*s a 11 .L«_a 4a.il mJI La <J) 
(_yi^SjJI ^ <iJdJ| iS^UJl t-iLiij^l (^jIjSj .nVl 6jU^I (jl£ .^l^SJI o^S^ SjLoJI 
( _ jr lJI <<I_1a1I £s}U-ll djLLd ^jA-uj^j jjj^j V j3 .SjLJI <jl£-<OU J-^UI 

llka^a (jj^ >iS (jjj£J .<K ^JLaJI <JiLjl Sola oil c>LSiL»JI ^j^i <_>* j jaj 
^li 111 .<k£jJI ajjfc ,_dl dlll_M=Lj)l ^ > Jjd di«iJ _j1 oju jjSfl d£_>S ^ 

Lfl-dl JJlo ( _ 5 -lJI j 7- \"\ \ II li '> (_j-t <1 -> n I djLLx.1 I n j I j\ <<j _»*,.' hi J-a£.l_u4 

^Liis 4 1 in) jAj <^-ds <Ltu^jLa <LSjjj». ■ •« <; - a jjjzsj ^*C> . -IUl >d U a Jl a Jj& uLi£. 
.^jLiJI j-y ^Lili ~ flu ''*» 4-sljial J « a ' liij <<l i If '"' * a _? Jol U n II Lc j '1 inn I Hi's n 
i_jJ^o Jj-a-o V (jjl^aj ___i 4**SLo 'L^jj J.'*^' M i^'" 1 t^dlai ^jJlJI <b il iAVI LaJUl 

(__v4ijj "if iiiLI j j .^lla <HjJL> Loji jjialll jjjjj V la! f<JjS jjjl L» Jill Lo 
.__,IUI iiL V <tj^>J>JI 5*^ <<i_i=JI ->'>H 1 •>_<!<-. .-.■>_> <u| 

'-A?-^ tjr 5 J^^' <l^c.L-ai jVI (>j .(4-9 JiAJI ,__J alla^ujj) 

j^jrjJI (jl *S n jJI <JLlaj-a (___« jj mjj J-i^. Is J li Jjia ^j-Lt '-f^^ "^J^ 

(__XJ t^LiS <JjLoj ijjlL LfiU i_sj_>=JI ___i j j*s II I \\ If _jl ^yjAj Iuj» .L^JjLlIj 

Ljr i ^SLi .iaj 8 n II tit * *S a II (jj*s" I I 0 jJa j'if. jril 1 ^-o Lj irtt 1 j> ^ 111 < t <ijjJaj 
j l"i*\ II ^ I f ^J-co yjt <GL^j ijLjJUi La_o 6jlj^a.l O 'i ua I (_J ill -Lj g o II LljJL^a 
(j_jij tixia. ( j > >«" (jjJ l^lLa ^j-lx- jjf^jj CjI u^nll 4 j h A l _jl .ojl^ja. ( ___S a J_ja.^aJI 

jjJJIj Jj^-jJI ^jjLj (Jiiftj ij-^' t'H"^ (jLojJLi j ^ 11 nil! cil h'saII >j!la a 

< j j t in II <lkxaJI jj^J J (___![ 5HiiLjl j 1 1 ? I > a n ((_» II 3jJ'i„io1I _jJ 



j_i K 11 5 l"< 1 1 ^jl im (Lajj mi jjaj ^yjJI <LlojJI SiaJI <jLfjj <jIjj ^ jj^j^JI 

j "»" II jJ& mi'mV ((JJLaJI <Ujl*-o» <t 1 1 i" La J£j .4jLpj "4?l>^ (Jjjj-uaJI ^ 

'■Lj.a n II • 1 £ »H ■ a lj" " || tj » 'tl aJi II ol n 'S n II 6 Jj!jLi_oj f-l j^jjl fj\ i^yC 

6 m« ^ <Axi\ «Uj uoJI ^ 6A4 . IfLo J£ JiJj <jKJI <1a£JI £-o (jlj m il '<">_> 

.^jLjljVI j^Lij (jl^j ^ <5juj LfjU a-^ II lJjIjljj) <iul> 

<(<jjc. 4j (jj^J C) "> itiuSf JlaJI iijU-o <jL£ J^-cJI (3-0 

,j-o j 0 ■ "I 4 ■! iA i n J^a. Aji-j jJLi cdLlj £-aj .<jjjlj^JI jJL I j l~» ^,£J 

K. Schwarzchild (1916- j L .t^Li-A JjtS ^iLJVI ^U^JI ^ <tf JjVI 

Lxa^j ^ HI (j-lUJI s-l mill Jla <4±iUI ^ <Ulj£ <iklo 
«l a cillj (j-e j() nil 4« irii JJLi oLa JJj .4 1'l'sll 4 ftU'Va Sj^ Jj-o ^^LLljJI - ...all 
II ^JL^a j ) f 4 \j< I 6jM-j ^Jl OjLc.1 Jjlj jjLj ^ J I L ^^ya-i A "\ \\ ml 
" ^1 i iti^jjl 8 in jUa i.t ip") " j " jj ,i . "JhjI' .8. in J-^- " (j 1 > I U i <*» ft II (j^-l 'j m*-ll 

■i 

H. P. i„ " j-^>jj (j_a j^Ll j-^j 1934 j»Lt .oj-£j ld_Lk 

j j ->l » II (j^JI ^jLaJ ft -> c.LiLiVjJ A. G. Walker j^jju Robertson 

.^LkuL SjjftjftJI j j uuU-iaJI j isotropic 
* _ » * 

^ <L^a.jLa. S- l lAil l ^l j ftUVtft t_yoJ 3^>° l>° W"JJ^- ua^ii 

^Jalxa (j^J-a l->ljj jj-a JoLlJ Cj ml i_i J\'l\ mi iciLij J^-fiJ .(jl^XjJI 

kq^J LiJJ JoLS,, ^jVI J^LIj (jl^-a^JI J-^L; 51 .(16-9 J S ,t, II) ,l ,A i II 
^jitl (jAaj ^.o 1 0 .At; LjjjJ o '»ill LI 5 > II J u j » ft 1 contractile 



jkjjt n-y n m i l_l Sf JiaJI iljL»-« Lajj J jjl (j^iLi <LoLn3 ^Jj^_« djll j 1 in" , ^ ^ (18) 

joe a jU«jj (3 - o Li<nl l ^UaiVI x Tt8 = 3 oLut^-JI jj. a^ j>i (j'jjjJ' 

^ij <il mall Ljjjj-i^a 3 - Cil m^nl l Aa.V twist Jli jj» jk^CD (jlj .4a_i»J 




J J li smi <JloJ| s^LL! j,< .16-9 J < jJl 

<jjl jla.l Jj£ C.i .11 jLlf-VI Llla jt lj[ i ' '■<"■ 

ji (jfl jl) (_^ojVI j£ J-o (j-t J '"in II al_a_jVI 

<!_g^LM\ LaU^I I jj « j ilia (f-a , A. 

y a m i 1 ^jLa^JI ". ... . - , I I £-JjV1 JJLUI 

6j j . n A .II <l n ..ill ^g-A .(j<aJu (j- 0 I 0 * lj^SjjJ 

I lj h.JhjI t in J-aj Si U > o «l ... Tl { II J) s >ij lii i ?. 
^jjlfijl i_i*t mi" ,Zt ..ill ^p^JI n jjLi .^JLaljJI 



jmw^" *#X$3& WSWSRf; y ^ jPHM 





it^i j^i i I .a 1 '. _>ojIj < I mi j IjjSj ((jl£-oJI mi" i ^ I 1_i ^ ir> ,iu^ ij! -17-9 J *i mi I I 

(_^qjjVI La II ■ L»Oa.t ofjj) Jj mijJ jj^a. .L jU-^ o_i woa II j j ..i "» j StiLo (jic 

^Jt Ijfl" II <^j^aj| /jLfl <<_jii jfl ft II gjlfwajjl <_£jJjj 4 i uu J JJ-aJI lajlr^ II LaJj ..i l l 



jjljJI jL^ii[ I '.*<■! U' ...I . Ijlj . J i a" II p mil II Jli (j-a k_ij i^-o j\ ... j-ioljJ jj-ij LjJ 

^ i.i^ II ejljifll J}La. ol^^LiJJ ottjLuuj 4jL* ftj iiiQ*» La Li-ajl OaI i m'i hi Jj. \'>» fl i l i oj I ^j-ojjl 

I q\<- sjUliI |«j <1U1I I « n~.<l l iiklo 



LuijJSj uiLu 4llLuaj jL*jVI (^cLjJI (jl_wijJl ^^ij jVI J^.1j q^*? l() >A»j 

i A aJaJU " II j-il .*S !l Cilj j a l"* a H i/< Cj tlj J)*i inn ^-S ^^ujALIIj .^jl^o 



.(17-9 JUJI) ti^ 5jS l^Jc yUl tiLUI 

J ~»J_>J <<_>*ajVI Q U in j-J-C La.jLk Ci m II JaLLiJI i 4 j j i<i ^ Sjij jl Laj 

<Lj JL^JI jj-uji jL^jSjliuiJ ^laJJI J=JI <jls <£jL=JI ^JUJI cLAiJI 
(jjjjjj^nJI (juiLijJI (jl Cff jjLAj <(jV) tidal «<jao» (jl^-ojJI «i mj'ift (jl .(j^jUJI 

JjjVI ialilJI L^J ■'Ij^" ^jjJI <£.j^uJL ^^Vl (jfi. LaJhljja.1 (jljJUJJ mil ^^Jfi. 

t * * 

j .*C a~ II I'.'C - ■ j .lajlfi <j t~ taj jJI ^a-aJI e-LLi £_a <Ls_a ti mil jl^-a 1 1 1 ft ^j-S 

JJ-£j jJl 6UJ1V1 J>t=> ^yi*-) .AaJ J aL^Ij 6JjJ_aIj p-Lukill ^ ^5VI ^ 

JH\ la.* ^j-i d_ii< ^ Loj .^.uiLxJLaJI (jlaLa-jVL <l*-sj j (jltj m nil j ll's II 

J '' ' . . I .t- II j ft 8 II <->J m"i I t_iL£ (j^jSU ^gjJI ^VLi : J ft § ft ^JjJI 

1 ■■■*** ^Jt j ft til j ut " I j_aUo-o I *i"l U > -t ft I 4_>XaJI ol£_)-3>JI (jl .^!Lo j I >*s 

» lj» - ^ s - 

j ([ ta o I * * j (Lu j-> (jLxJLc (jlxa J^a. ^aj <Li!_> LoJx <(_^<ajVI Q la mi ■>*«<* (jl £ »j II 

j^LLSJI ili ji ■ «*'* I ftj'u a I jJ .j n all _ (j^>jVI ftUJSl J^L (jJ*. j ■■■ '''([ H ^LiljV 

Jjjj j_a_j il . -"j'jl S j Jia JJtLuxJ lililj <4 ft hi » J j J-oJI jl «■■—«. jl J ft! i til j 

.(j^jVI In i ii 

' — i ■ - radial la 5 II ^..j °~ n s ^ , , j a ~. 1 1 j|jx.i ^ (j^ « > 

2 - (5jUuJ ((jxjjl Jj^a-o Jjlo (jJt >»-Vlj <^jJaiJI aLaJlVI J^k ( _ f k. «UpL?. 

iLiill (jjj <il ..iaII jj» radius > LUI - ° ^(^LiJI , s ,^-.^d i-.<n x 

J i^V .(17-9 JL4JI ^jUI J| <(t? .-,ll) ^j^l j^^iJI ikiij Lu^l ^ 

^jLk. <l ali'i nil ^1 JaUftAjl Se-^Lo Ja-a LoLaj <(^_>jjJI ■ Ii u-JI ■■■ ^..ja'll IjjJ 
J^j n r i_i*)l ^> I ft j I (jjjJJI <(j-mj)" iii ft II (j-o J .S^^JI 4^J1 Ji" in" (_£jJI jl la *■ II 
j A 1"^ II " (_gjl uu (jjjj^j <(j_ajJI ^LaJjl JjJa (_j-Lt i.i'il j ^gj In « II iLaJjVI (j-Lc 
(jj?> tn i ii II (jj> (^ jj*S <~ II I 'i i& n j I jJ d_i j-a (ju j a~ II Ijja " (jliall i ° .^'^ 

- i_i»^ft a a *>- (jUkiuai i (jl (jlidj ^fi jSlftj I ft*\ Jj 'II ^jjLjjJI 

.(jjjJj-oJLJI (jjJbLajVL (j j <j j U II (jjUl ii iA'iVL ^y-iii jLaJll ^ J..U nVI (jV <3 



^^icj f^jVI J^j-o L J » " il l_a-l£ (j^ailTij Ju^ilJI ^Li <dJj Lf lt ^ 

jjj3 CiIjjUj-JI (jl (j-A jJjui^jLLi oLo-uj 
(jljj-A-" <GjjLLo Joe ni^ll jUI j d I'OI jjj^ j> Lujjj L^-Xj qj 

<il-.i.o.ll ,* t j-> < " <il m oil/ 4 " jJs <4l"< II j m< II j> uia II j^c Saajlj <^L5j-o 
Li£ |j|j ^ .All j» II j£>o ^ <jjL5jjJI Jj-sxSj ^ylJI iiLa^JI ^ 

^3 (J^-jj Jjl I 'i I U 4 <S^>jUa (^J-a ^ylc <J j n,a. o <ij"il 8 J o (j^ijVI <Uj£ jjjI-j 

I II ti iii i ii ft ^ If. 4 )~ll -8 l n jjljjJ ^ lf-1 itj-uij jjJj L^-il (jl I II 

^yjjH Olj ^l^eJ>JI (> iiklo (jij i(_)iijVI j^>o ^ }LJi A*J SjjUoJI ^V) 
SjjJLua (jo jVI .<$jjJLo 5 _>jLLJI UaJ itj-u»J U-*>" O^J '(j-*-^ 

<dJj £_oj . l _ijiia <jjL*j S^jlL jjjIj <(iaSi j" nj I o 4.4 I () "t l"i*S i) 

,Lui/^ 850 <£j-^J _H-o 10000 ^Uijl ^ fJUJI J^. <la.j ^ 
^.j-aJI jjjfc '(|^t-;j ^ ^Qjj^o 0.2 j^Ij j^ljj Jl ^ISliUI ^JfcJI 

<Uj_ > kJI alfj (_yjJI £aL*-ll «fj> mill ol jl ^ I (jl .JaSi <jilijjS-a 0.05 pLfc^ 



SaLiIjVI (>o j u£JI jlill II* tjK-ojJI ^ 'LjjjjJjj^JI L^kiJI IjjJjI IjLsJ <(_5_>J 

Lj^Lfi <^j^l 6jLlXjj A n it" in n is j)U-> J^i j <JLk frl ir-i< <j_i in" Cil o I in^ II fj\ 

j ' f 1 Ql 

<k^.MJI dl* J^jj j . U mynW (jl^LsjiJ <_i imjJ JJi^JI la jU-n II JjJa ^^JLc jfxuj 
A-o _ <Jj^ J j <l U ' "Ij ' (jl^ajJI 6 j .i " i ") ^-a j •pljl i i i ni l > m" ^-S < mjAj II <J-aJh1 
Jojlr-t II JjJa (j-ic- I j J I *> j pi o i in II J-ual^j _ ^ 'i ^-o ^li^Ls LIjI^IlSI 



UjI j <^jji.VI oljl hi oil (jj (jit J'j 1 ^' <j' '"II J*^» f-l '(5>" (19) 

.7 J^ill 



J - ->J j-A j (MLd A 't IL£ <j l"< II _>J-^ f mi-^ " 3 U "i n I _>^l£ ^jl^-ajjl 

(jl^ - LjJJ^J 3^*-° j'-^""" LT* *SfjL£» jf^^ (j' '0-°jJI 

S* * 

d j^* i <^jjl j£JI ^1 ^1 - a *■ H J^a- - Lj^jij (LaJjJ_Al) I uitlj U-LJ oJ^J 

* fi fi % 

.(-LiAiJI Llj^jJLj o ljlj-o (jLi-ojJI J _ r i ^ i ii j j ^J-a. -la-a- Jj-k ( _ f -l-C- 

tf ^ * ' 

tjj)^ ij 'I -j'* (JJal (jL£_ojJI £x3^£ - -Jjl la* tj-° ^j^jJj _ ji ^ 'i II ^jx. I jUJ i j 

* * » » 

SjLuljj . Li-ijJii Lsii-o ajl i ii n 1 1 <aj Jjj J^°l klifij (_jJI jiaJ *> < i_i£j£JI 

» jj L^jl jl <<_LoLS Lc J-lo-S Ct ■■• 1 1 ■— ^1 J^JI CjIjI in ft (jli <j Lj II jj-Sj 

JijSi (j^jVI ^^ic J^ualjJ <|t-%'JI Jj^a. LfJ SjjJ J£ ^jS < I l"i ft CjIjI h i ft 

<Lu_iiJI *jl Uf jl iii <J *LiiaJI J*s mi II iijjLx ^jl .^j£j_aJI A-a-UI J^a- 5 J j j 

.(18-9 jiaji) ioixJi r„, IjL^ Lu: 

Cl i it J I i_i^l^JI <^j-=>. jj] (jSfl (^jj .(iijjLaJI) 4JUUI I '1 aj -> jJLl 

Jjia ,_j-Lc. j- ■■■■^ I ^ '« ■ <£j^ 11 <<Jal in 1 1 tl (j *>*s 1 (ilLfiUI ^,ft in"t 6jJLl <jl J 

.< . nj'n) II jJkUa^i j^jJh <K_^iJI ^1 <^jA.I SjLuljj .(jliajjl ^ 1 11 ij J) f% iaA. 



Jin ( _ r ii ^^Ia. fcLlajji ^ jjl jjl^-ojjl i_S i^ij ^ Llf-a-l 4 K iii ft <Lclj 

I j_ifl Ci M j»J ( _ ? lll < nj U t II JjI niftJI Jji.1 .4 inj't ft J^.jj V AS <uJl^ jA4_> j ■« ^ 
iMj'.Kjftll j «U>L*JI jj t mill J-i^J^ ^ <liiaJI f IjjaiJI 1«J 

l^ji .quantum gravity <j-« ^<^JI <JU1II ^ ZjlsJ j i^te^ ^ (7 J ,^ «JI) 

(jVI ft U II (j^ ft" i j»J <^J<">II (j-o j.n's jjjg jljj^.1 ^Lj^j tSjl La II J jfl a II 

<«<Lie j ft*C II ilLaill)) ^ n in* 4jjJall Jj^J V LJLa.j .6 J^i.j-a jLijU't ^Jl J^uojjJI 

lia. Jji-o I 0 nk* ft <o l *1J ft "il l (j-Q JfJ^ 'Lfj-t Lua^t Jj 



jjjS (v^J^ 11 J 1 -"" l) ". 1 ' "■' ) f^ 1 u4 oj^i V-^ 5 ' We* i^J^ 1 dj£i t/d\ ol -i^JJ 
(^jSjjiJI) (5 i_.lv. II .'K-.Kj.ll j .^AijiA-.!! precession SjjLm K^aJI aia ^Sl .fwa-UI J^a. 
0.12) J£ 5jji,j3' Liill 43 <Sjjj«ajjJI LfLajS . ini'i <^j-*i jkli; V <i£J iSjjIjjJL> LajI 
(jlj lj-4 .SjjLuJI aj-jJ 11 ? . .S II . ilLaJI X\\ .ci'ill t ■'»'" j -(f^c ^J^' Cy < aJVI ^ 

oUjj sit j| < j/-<; 'j&S binary stars (<LLLijJI) jUd ua^JI jk ^jJI ol jLoj ol jjL-« 

I j j ...lift | ... i I At /I > ^ '» . . . 




Oi^O-ii p^-. ■ ...I lil .1 9-9 

^ tol n tS^j LllLa <lj^. JLc 

iJj^j IjU <<2jiaJI ^ <._«_yt-j ait V .<-ajJ ... 



(Jlijjji. n II (j-a-S <>Alj>ja]1 jl> )l (j- 1 -^ (J^J . J-lixjJI <j ^al j" ft CiL^jJj I j tf 

>S! llfJ (jj^J (jl J-aia~dl <(jLaJ>Jlj (jliaJLi L>jj£fiJ <£jjJa ^ Sjjj 

(j-e j»^>-ll (J-it <jf 'ifJ -<^-« Jo^H <J>lajJI J i ii 'ill jLjlj <jJ-a.! Jl j (j-a 

jJbLtLo 4-alfi t <±* j-ft^JI (5jjjLaJI) 4-)UHJ s-LaixJI f-fl 4l <jJL=JI ,t , All 4« uUll 

ol*j(j II (j-o j^i. jJI :<^JLlJI «LijjLiJI j-al h i II ajjfc 3* .'"'J 

<jjj j ijl^Vjl j jljIaJI iillfc <JJj d I n't La£ jii <<JAjUJI 

\\\%~% jJLj <^ tUILij .(jKnll (jjjjj jX^J <j£. i\A I nil J (jji <MjJS < j l"l ft 

* * * ' 

<*•■■''•(;■ J -^1 ~ H jK «jJI jj jJ>j j «(jLojJI j jK ft It j i-^ jj-i I jaSju jjil i a ^11 

5ljf^> <iL (jl^-ajiJ Lf la-a Jljy V jil • J^-J (j^fc Xa I * J a^JulslV 

' 9 2 

ls Ju^i <^j_a j.ft^JI <JUUI .^_1L*JI oliaLiij ^j"? <Ti n ,A ^jjj J-*-ill 

j j^>- j (jj^-> V! J o"i -> ft II Cy>j .^JIaJI Ifl niV' ola^VI <(jl,u nil ft 

IdfJj .a^jLiloJI dtlj^VI (jj» JjU J0£. (SJ^" jdLxll 60*j Lai :^jljj-aU 

<1j > .-.11 aV. JL _>j statement ^LiAliI <JjL*_a <dl jjVI 

(( jl£-jJJ LF KJI ^jo^ftll J ^ (<^jUJI) iJLailJ iuliil ...II 

* ^ $ s s ? 

tjl .(19-9 JiAJI) jjjJL I (j ^ . t. <GLi <L_u ui l(| 'A*; jaaj>» yla^V 

-35 

j-aj al Ll ft m l La jji (jLajJI ^1 {j \ n n Jl n-tj'tl 
jjl (j ti ft j n jl ^-aJ IjJ '^Ljjj i^J^ __>Ja-S Jj-a Sj-a t j-ij iti r J '1 i j t i<~il IjJkj 

.continuum J .^"i a (jliajJI ^ ,^ll pj.i^JI 3^ c.Lsjlk-JI <( ^ki 

(j-a <JJJ-5 « La. l 111 ft (jL^a jJI ^j-S (jl ( j's n_l jda-Lu j i » i «^ V J 

(LljjJlj <(_5jLluj ^ -> < j LfJ (jji; (jl (j *s ftj <jL»-jVI ijiMii j < U *i » j j , .-iV j 

IjJ (iijlj 10 j^j dj^L> (j-aj ^jLoojj <<j,uU"ill CilAa.jJL>j .dj^L» J^ala Jj^n 
JLi. (j-^- • ijjl-J 1 0 (j-a j i (^-j-o j J it'll i t I » 8j (jl (jjJiiaJ (j^ ftj V 



* 32 ■ * 

(j-o ftLjjIj L» J^J <4,.i, uJ j( } Jl ■ j nj in n p^j-i <Jj^j ^jl^-a^JI J n -> LjJJ^ tjjjj 

.kiiLa-VI f-;; SiLa-oJI ia-uaoJI ^ <£a&JI ai$J olfl .ATiil 




10 J^iJI 



^L^VI Jit ,> Uljt L JSij .<aaa jljtVI Sill jli 



^JaJI j< °" II ^J^J ( _ f jJ1 ii-uijj jJI 5 jill <LAjI j«GV Jj <.-j nt>j ^<t-»'l nil 

^ (j B c^U^iiLflJI SjLaJI 4 t in* Lfjlj «fj ioLjJI .^ij-flj| .<L)j^aJjJI <^.l jjj i«-< II 

i 

<l ■ «->! -> ^Jl_^c. ^JL*J (Liul j»l Lijjl e-ljjuu (L^j^f (loir iTi iii > I pi < iALijJI (jl LaIjjji 

a II <-qIj ■<"» ' '-I ' 1 1 o"* I o \"\ I ijaajj I d irii i <lLJj otitic, i*l I n" ^Jl^c. (L^_> 



I jj « a °" pi i i«-iL)jJI Jjl ^jUi, i Jj8 <Gl jxj .4_ki (jji ' » *» Lljl j ' ■ ■ <_jjJI j»JI * II 'j 

<jj<a~ill jj-a ^ flllJI U ft j II ^ Ia^ <jJ^j^ LoJ L$_i1 tUj .j-JUJI lift 

< » ■*« j II <Ll^.^j i <Gl aj <<U j-q i_a i iri L^-il cil t k-iLijJJ jl <"r.l J lAtLi 

" " ' * * " ' - - # ■ 

(jJI ajj " I I Jj^-j L°l •> '"'Ij ^ .Lsj-i-e Laic L^-i_oQ L|_JI 

^ () "i 'i " (j-il J-jJ J jjLi t'Ui-a.^-Jjj > II |Xj I t H «t-oLr>." ~i\ ^_oj <<LxjLjj t a II j I « II 
jJb 4 I a i *i Lo (j^J <l-4-iLj ^LoX. j i" ■» \j <i_tt i/i j_al ^ I » II 1a_i_j (j->1j CiLi-i ol -j II 

.»1jI 1 1 All 6Jjjjaj ---I.' (j-* (3^^ ^-"o 



nil t ill /j-o Jjj'N ) IjLoJ j Tut ) <^j_t^>^aJL <Ja^Lc <U <JJ«_») <— 1 1 in <*-oj 

^al_ > iaJi o < \fri-"j JiLk < J.j 1 <il «J1 pLa-LaJI jihio ^1 .1 \ t\ oLi-loLjjJI JLvjl 
jJLaJJ i_i j>>J>i2j C>L-uiLjjll <i* j-aJI S jjUlj oJJ±> <Sf*j' J^'j * II 

(^o dllA (jiJ .ilLa-ill <llLull SljVI ojj» m\ ^jJox-uj j ^jLoJI 

(3 Tl j n iii j J i7» i ^ tgiLjjJI t_i_ua_jJI J 4 i a i •» II pi t-i -v^LaJI (j-i-> j n *» n ,11 

E.P. Wigner (1995- ^ILj - £>~Jl £>H1 ^Ljj^ill 

JSL^JI Ul^LSj >lnU i^l^JI <e_>^l ^>u»J j^l J*i <$jJI .1902) 

:^JLxJI <-a i^ jJ 

i# if ^ 



d ... . 



<U U^U V oJ] J <Llt j-oj iiMc <d dJj J ^ J Loj.Lt VI _ L^i^l 

j*N a i L&C ■"• > "I ■ ■■ 5 jl 1 » jj .4 1 1 in" II />-° I *> » ■"' j-ij-i < i'n I <Llc j iA _a-a_i 

t^jjjj^tLiji oLlLul (5_>j (J>! IjJ . <o jJ-s-Li Loj < i II o*^ j mil IL I o">g « 



<i 1 n II «ol j iALjJJ <Jj 5 », njl _jj 4_ticLaJ)» ^jlji i » 1 iJLiuo ^ (^o-jJI I1j> Jjj ^JLl (1) 
<J^i, ^ LL. Sjii dUl V lilj .Communications in Pure And Applied Mathematics (1960) 



Li» « ■-■ f..ij <l^'tl i ..J ml jjbj .mathematical ontology LfJ j>LjJI j ja. j.11 <*jjLj 

SjLlxj j .L$-Lo i fll ij jij-J Lalj <L$J i_iL^X.^U LaJ U-o J£ LfrnU" ( _ jS -jJt Cjlj'tS" IL 

itjLJI a II ilr. ,7, n (j^aJV J-uaiJI Ij-A Jl m" ml Lf lc jwjLc <LI <(£j^.l 

LT*J 'Cx$J±£ U ' < < f&? tpJ'j <(_Mj ^Lk>* ^ tPJ' 

Lai. <> - ' j " j_Lfc mo jL£i! ^-l^J (j^J (jl 'J-sVl ^ If- <jl (Cj lj in LjjJI jx. 

<_$J$ (_jjj[ .Ij^JLo I ,i nojjj LLa£ (^jxjjJ Ijjb tin iti (jTi-^'i V .Id* Jj-o J < illi'j 

■olj .AL^JI £fc <UaJi «J :lj iALj J.ntll 11a jl j^Jjj jl ''Ijlr 

JJLsj (jill <<LLa.j-aJI 6 j-A 6 jj j ^j-A Cil i i o LjjJI ■ J-jj ^ " II SjJjJLa ^ i ^-S 

.,. - 5 . •»" 

4 ulijj 5^5 £js jj llxk. I jJ .La ji jji. 



jl.Afi.Vl JLoJlLujL i-L-iil J-o£. JjLa-J Ljjl plj naLjJI <l i ml niVI <jjj(_uaJI 

jljX-VI J M l mi .JJlJI LLojj I j LaAJ uij ( _ r lll (j-Aj ••■ (3 (2 <1 <0 << '■« ■ .1- II 

jdr. _>j_>iiJ .cardinal numbers I ,^1) <jJLijjjL$ bld^l I j a J^^^ui i 
L^ajijil .ordinal numbers Udc! L^Lua ^jj <<c j^-^ * ^ j uqIAj II 

... jLljl .J^.lj Jjla a I" ^ a pLa ml I J ~>- *■ a *« j ij /d a I* ^, a I (] I j j j * a 

J± La jxktoj -WljUl jlatilJ ....^LUI ,JjVI Jlaj .iJLL.JjKll JjC^J 



<l$JLo JjJlS a jjs. j (jtiaa.n1! ^ <j1 I ~» t Al j laj <<u*aAkJI alax-VI Jia. ,_i jln <J1 

* * ^ 

f ajJI liiiajj .! o"lia ^-t_>j <L^j j lujJ! pLoaS jaAj jj-o (jjj iALjJI *V jja ili-^r a3 j 

(j-o a j^ i ft I I <L^.jjsJ! a j-4 .j-S (_yJ-=k. (jjJ-uaLjjJI i_»ajG (JjLm-aJI (__>Axj <LjJj_) 

iL^LjJI jl <?<dJI *Li U ^1 iJLLajliJl alacVl aloJ Jj> .< it.thftll 

I < uii ^ii (_yiJt j <L^j j /» Mi-j La£ <ultrafinistic mathematics <jjkLn^JI (jjjj 
a^yj *tf (jJLl! JJ3 (>o J nail 6 jii (_,.* 4<jlfj}UI Lfi. jL Jol 4 j *j >,U I! alacVl 
LL»aJ a^a. V lAijJLc.1 j (jjiaLua (jj^j <j1 LiaJ !a)j ^a ja-=>. alax.!>U L$_±i 

SiBjjjx <jL$j}UI Jot" in" (jjJI <U_uaLjJI ^^jJS 1_>jJI J^i <<L»L$j^U ^ual j t_>! » i" ml 

.ijL^j^UI al* u niV ^ xxu La J£ (jjlajoj <oJJa£ ci iiul L^jl jiiS (jX. jj a3 

I ijnf IjjLao a Vi <<ui ia-a. ^aJ! iijJI (jl£ CI <aiJI <Uaj ^1 Sa,^^ 
(j! »" mj L> LJLc j .(1 1->,V I j ~» j. m'l in <-Llj aa-A j) j»^jJI <i_o^_ij La£ a-sJI 

<j~t->x« Ciljj^J (j! »" j\ <l irii II ( jic CiLo^lc. «tally i-jl m-> II I uojlj 

<?_>$ IV I ol a in I! aljjV L^jjl ft t"t no j uinJI 4lxu ^ Liaat ^jj^j 

(jj.lo^"t.int jl <^4jlajJI ^l SjLiiiU iAl 3 ^-o^ ^jj 11 ""' ^J^c- (_jjJ1 

"Laj .pi > II (j-° 5-° J 1 ^ CjLj! j)j ~> H iijj *' ' "" SjjjLuo cAj_>£ 

• Cjl ^ » > J ."ilaj" *i (_gj) ^> I (_^aJl (jl nllVI |1 J-A *< I " "> Jj 's ft I ft ILf ax. jl (j 

i^inJI j^aiJI) 33 a*JL Jj^ajJ! Torres Straits (j^j^jj j>> (jl£-uJ (jS-ojj 
d jjJI) 26 aaxJI j t^'tnjll ^IjaJI) 8 aajdl ^jlftt'i am i(l j\i mil ^aill j-j-us! 
I ml ml 33 J i "if V ijj^ia-ll a a ft j la.4 j ^(tj-ajVl J^.liJ1) 28 aa-*J j ^(j-ajVI 
(jj^t Loalc j i ol ~- • j <ai II Slal^ j • i^&^Lo liuJI axil (jl a^j aa»J 

(j-o (j*s ft" (_yjJI ij^jj-aJI a til (jLi cdJa (jJI iiLuilj .(juLsJJI J^jli in II 
L^Jl jUi iJl^ajliJI alatVU riu^ jUIj iJLuajlUI jlacVI (> Jl SjLiVI 
a-aj <jjjjjjJI a1ax.V1 j <a^l j j __^-s ^_jLu»VI (j-o ^a^LaJI aajtJt ^^ju 

.Ljax. ^Lki <!»»" mj ^aJI <10 <(_luLuj1 ^aJI ajJI (jLi laJ .(j-IIjjJI (jit jjLuoVI 

.(jLuij^U 4 1 -> ij i ti" II Cil n i nil 4 n ijl-i < >"i i jj* 

6aJk Lujij 1 1 ftJlx. Jft»"i iii ft 11 1 0 aajdl Lg l£. i nl aaJI ^LujI Jj^ j 



New *jj a j U-,-, ,„J| iiJJI .oUI _>_=^l s!i£ Lai JljLai ^LjVI 
cjLslUI (_jA«-> ^LluVI li^J I jIjT *^ j L£ jIslU ^LluI^ 5 la j ii j> i Hebrides 
(12x12) j (12) LV,UJ UUvL.,1 J> 12 ^L-VI c$j a*J! Lli a^ij .Liijyi 
lift » Ajl >ja>l j^^jjj <L\j1c. <-iiLi. cJljLo . .I » . ..y 60 u<VI ^jjJjLJI * .X. jjjj 

CjLxjI jJ LJS j .<fjli 60 ^Jl ajuSjJI iZi\ nj .tit" ^ j <S_>jUI j CiSdJ L^il n_> mVi ^ 

j ■> (ji_i^JJ J>-»j oj^) ^0 Ijj <~ ' "1 tjjjJjLJIj jjjj^juuJI jjl j-jjj 

,5 j 2 I n ft jjljJjVI (2)1 ft ml t II) 10 JJ_luVI J n %"\ m" La-ftlj^J i\ i\ g-ajj 

(j^^ ' Lj-*J '(3 j 2 1-oJb (jLijyyi (jl n ml j II) 1 2 (juLijjVI J m* m" <_£j^k.Vlj 

>^ 60 ^LuiVI (j^J JLuaVI d j- .i.JI ,_irl .A, Jl Ijj* (2x5) x (2x3) = 60 

.(0, 1, ... 8, 9, * (bale 59)j 10 [60 tf T] ^ Uilk* 

^ij <(19 = 20-1) ^yi La$ 20 ^LwVI LLLi gjj m'tjiJIj (jjjVt'i^UI (^jJj 

aa.jjj -v^j^Lj <(4x20 = 80) cjLjj-it <j^J 
ZXl) J n i-„n ^Ul ££>ilJI iiJJIj <Score (20) j ^Ul L^KiVI 
60 ^UuVI JljL»j (60 ^Jc «JVail tresintyve (^j-it ^ Ljj-uka 
^ Ainyj ,ju^j£. ^ InuitSj <}Ljj>iij Tamanas of the Orinoco J< ,Mb 

Jn^lmj a l£ ^jJI <( j_i< mall LLJI ujJLji La! .Jj m'Snll ^ ZapOteCS j <oLjLiJI 

,20 (j-U-VI J««- ...j '0 tlVdU LillJI <^iu l>j ^yiUJI ^^511 
j»i Jl jl*, <20x20 > Vj- 18x20 ^ ^ (cillJI) iJHH ^ Jl all 

Uj „■ ojJjU-j I^LS Ujjj <l^- ,18x20x20 ^j-Lc. I ^I^JI 

.18x20 = 360 ^ LLJI <lxu J> a l 4 '<f^ cLL^JI 

oLajLc ^jj) 11 '° ' '° < L->_jl -v i II a j II n fci aJa-t-i I^Jj_ij 'Jj^l I mLa a II 

| j I n 1 " ml jJLs '(j^J-o j)-.m II Lai .jk^J^LaLxj I gjlf. Ij K mil * () « jl ua-1 <-aj|j 

(^Jx. iJVoi! (o^iL^l J^i LjJ ^1) Ljjl a ,„ o II ^ijj^JI 



Cls 11a .(muriori) 10 000 ^ iJVall Mj ,(deka) 10 ^ <JVj11 A Jl* 

j»L3jVI <-i-o ^^jJI pi Li i U" II (j-a Jit j^-S 11 " ljjjkj_o JljL-a jJI 

,1,2,... Jl^iVL. ^V! !([>-<:•> ^I J, II,... <^-uil^JI ^UjVI ,> J>^j .42,1*^1 
51 T. Mommsen (1903-1817) ^ m ^ ^L^-IVI £jj-a-JI 0-"- jJLi 

jjl j <(j 1 " *t*l <j-»J-> jl ~> "il j_A X(= 10) <<-kj m l 0 OaJ Jj*i n*i ^-A V(= 5) 

>^JI I1a D(=500) j (I) Jl^ ,0 >^U <L.j-i3 M(= 1000) 

.(0) 

(jx «<Lu^C» l(j"nn m" i_n mil j .abaCUS jljJ all n" l^Lua^j Lcu_jj <£_uAill 

jJh jjl^j <l jt-.j ...A Jig. ^ij^ f-UJl tjl <cJjJI dJj (ji jjj-u^iJI pLiLlJI Jlia 

' " 2 * 

<<J>(j a jlAcVI |i h« ft ^-J 1^ Jj-^s'i <ji £-« J .f-LolxJIj i_jLjSLIJ ^ . iio'tj JI £_a.jjjl 

jl^jl 3 (jlj \ \t\ /jjjj (JjJoiJ IjLaJjl LoJj 2 ^jl ^^ual^JI (J-o J^SLl 

JJjC (jj^f LoJlIc JJJull <n\t jjjij ^jic <jjjjL2 jj£ >j2uJI (jl J-^J -^-i- 4 

9 ^1 4 ^j-o jlj-tVI (jl jJ_lj <^Li (j-a j i<jl^j-ui < -\ n} \ <L»-ij! jj-o ^J^i <*-ai-4 jt 

■ 5j>« uaJl Jajlr>-k II (j-o <fcj. <v^ nl 4jJljjLi.l J K m l£ O j^l=J 

oXi j <Lji.1 ') (j II CjLjLlSJI (jj> Ij^a. S j *S i o <_j-Aj < J > (j I I <-J-a_4l j_JI 

^ CoSLJI ihL«iJ <±JliJI j^LI jj» j .Asoca j^l Li> jilo ol jLc 
^ .3 235 ^1 273 fit <> W1I4JI ^ c. n <^ ,^1 .Mauryas of Magadha 

^jLu JjISj ^j-o 4*?"i nifl lfit£j 5-ijilaJI CjIjUxJI JSj^J <(1"10 |J£_£JI) 

^pJI <ljjjjt ,jJI §jx Jj^ jl^a'VI «fw>aj j5j .(jjIJjVI (>» 6^ 

^liJI y.^ln, LUI ^ L^i ^jJI «G. of Aurillac (1003-945) d^Ljj! 
jlLs .JUMI iil^-JI ^ <(jJ*lxA\ (jjiJl <jL^) Ljjjt. 5^_JI r1000 <lx« ^ 



.l^jc LliJ ;U,„„,1I y^jVI ciLii .1-10 js-idi 

<£jUoJ <L jj5l<JI j^j . ^JJ JjAJ jj-aj (j-A 

.^jjjJI ^.oUuJI .ijU'ill ^ jjia. (J; <LaJkl _>JI 

LT*! t^J 2 C^j' ij^-" ^kjUl ^JajJ 

- . - <_» ft O-i-^j Jj9j cJ^Li-cJI (J-Lfl t±JLUI 

^jLUI j la uj II jj-IJ-jj .4 i n ftlj-JL "Ljj'i'C ft II 1£j-luI 

i>» oi^-l .j^Ij ft.ll jju i-ILUI ojXII 0-° L* 1 - 5 j' 
..Uttar Pradesh ^jI^. 
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<Codex Vigilanus ^Ls^ JUa jIj^SU j^-t j£j! o^j -W^ v 1 -"^' 
.976 LiiLi^Lj Albeda IjjJI jjj ^ Vigila ^La^i ^1 <lL^ ^Ul 

cr^'j ' j° ^ oKII <>> c*lij ^pJI) zero 4 *K 

j j <o II qj/i^j v~>*-" J'jL^j J-^VI ^ 4- 1 '0 J'C mi IL> (jVI JUj 
J t -> (Jl <Jalll ij ^jjJ Jj-o <oo <J_$_iM_)l i-i-=».j j-Sj .4 K 3 *< ^LfVI oj-A 
J. Wallis o-JI j (j>^ J4-I u-* 1655 *l_c L$J Jl ml J Jjt ^USj .j|j_cVI 
.jjj « n.<1 j olj .AL^JI jl '■ n,1 <f JSljJI jjVL J uail <(1 703-1616) 
Tract on conic iIUj^hLII ^jkiJI j «CL.J^£ j dljj <£»£.UI *»_.« -~ » tf i„ lt ,,j^ 

Lojjj (jjjja. j n*i in i (ji (j*^ 0 j (j^'io 1 i "-i^l j-»jJI Ij-a jIj^I .sections 

* if 

.^jill (jjl II I ll li JliJ J-ol (j£. J\JLJ lillj jjK 

.Jpljia SjJ-J jlitVI CjJ-ij t>J-^ (cjIj i^iLijJI 0*^1 *s m /> II J-i J 

4 n in a II j jJaJI (J* CjI 1 1 nc Jl mL 4 i « ■ Ja II jld£.VI jxl 1 a **■ ■ ■ Llxj j ) a j 

<>^i .(V-^VI) ivJLojjlilL Ji! oliMc L$J ^1 ,> Ul^l J^, LuLi 

(j-Lt I (j i'l \m 'i Lojjfi _ i ioLah-^'i mVI frlflJ ^jjjijJI ^1 V jl j 1^ * 



jjuj Lij^lj (j-s J < mi I) Ijjb ^ji'i (jl Lj-cl i.ij Llx aij <2-10 J£_jJI 

is " 

Lo, Ti r. j-jSI £ J-^J iij^c>. J-S j . ol ftKH j U nil^j a J a* o <lL>j1-i t I f 'if. jjlslj <j| 
^ S^Ljj (jJI col £j-uijJI SjLjJI 6.1* j <oLLlsJI <JVail jj-ojJI o-ojja 

ij a U ( I j "i ill's J ') r et <t n K jj-o .-.a" .fr.l Lqjj + £_ajaJl SjLil ^1 
La] '.jJu£. ^u^UJI jj^ill ^ CJ_>4-li i^LaJ C»Ua jt-»-^ « ^ L4J Jj! 

Jjl (jl^! J 1 1 -j '-^H I jl8 Jjj ^jJI i_i 1 ill JJ II qL>I ma ^y-i |J ftt**i , 1 n n j-Oj (j-o < m n 

W. j^jl j».LJj 1631 *.U a^A: ^Dl clavis mathematicae ^ L$J Js ^> 

s^j jij .CuLuLiJI 5^1 U { \$Jl Jjl j^j <Oughtred (1660-1574) 

l!L J^l <> ^ G- Leibnitz (1716-1646) yr^Y jjl>Sjc ^LJVI ^LJI 
<> Voj <killl Jlo^ J 1698 fix. ^ jlSl IU <x .-i^aJlj x SjLiVI ^jj Lik II 

JLaJuLtuI Lo-aJ J * ^ J-3j .b ^_fl Li jj i A o 3 ^jll 9.b SjLixJLi <^Jj < A 11 SjLtijJ 

** 

. 1 659 fit iiijj-uj (j^aj <t a .utll ^_>JoJI <Ul&x! LLl in 

O « J S i jLutLo ^j_i_ijl^jjua ^ i U ~> A K iti n II ( Sl^jl i i i ni l SjL-iiil Lol 

^j_> K \y\ lJ ^A-j > S\ <Lil ^Ul The whetstone of witte (1557) Jli£. ^ 
Ajli^l j^J\ fit ^13 ^lllj «R. Recorde (1558-1510) j^»%> o^jjj 

l^lr. Laaio <The grounde of artes fThe Whetstone I $ \ » .a Sljl^a. 
f-^h 1 't^^'j «(«iLUJl v-jL*^ 'The castle of knowledge '.^J .u-> I I 

.<ilc <_o^lja_aJI (^jjjjJI uJ nit (j-^ mil Cil-a 



0 1 2 3 



-2 -1 70 1 2 3 




... .17/19 .1/2 .1 Jlo ,p/q :(IjUJI ,«_Ji*JI) likUl jUVI 

... <e <7t <v /2 Jlo <p/q jiAlL o—J :(<_jUJI 5iki/Jl j_£ JjtVl 
... < v /2 J/2 Ji. .L^JI oVjU^JI J_J~ ^jj-JI jIjcVI 
... <e iJT Jl» <i;j^?Jl oVjL»-ail V jJU . r . ■ . I ^ ,,u Jl jl.ii.VI 



jljtVI .J^iJI li* 14.0; ^1 jhmVl _> ^IjiiU Jjjm .2-10 Ji^l 

jljcVI _r irt'i I ^ L^Li <<jJLJI II jjit J n* I I ( 1.1 !A*JI ,jJ> 4_it_i_it-.ll 

jl -dj. ...Ml jl ,<_Ji«J) tjj ft ..i". ^jjjJI) likldl jljcVI 4->_i-> ir.ll jljtVI . .r.11 

iili<C jj^VI jljcVlj ._>i.l (jfit j> J-cui-o u," .».'!■' J-**^ J.'.' 1 *" II (jill jlj^VI i(i_.jL»JI 

z 

AjiijiitW jljcVI ^^^J .<SjLuJI j-j-^oJU L^jr. jj n'.ll V ^j-lil <<ikj-cJI _>_x jljiVI yjJ 

LLjL tJ-*-" ^ * * H J^^" ur* J «<itaA-«J( _>Jut jljx.Vlj <_Lkj-JI jlitVlj <4 ->_.-> to II jIacVI 

l._.lc. Jj .r.-y II (j^-aj II jljiVI .J^U^I M£ ^-.t^illl _jj jl^aj I ft_.<~. ... ft 

^ftj V ^yill jl^tVI (_,.» ...".nil jIjcVIj <(7 ijuiLJIj <_yoj\JI jJijl) jjVjL»-«JJ JjU's 

<<f «r."i ft jji- L^Axj j ?aL". - jljct <-»j II jlj£.VI jOIJ .<J_>J^JI CiVjl » nil Jjl-.*^ I (j_.lf Jj ■ II 

d a L '. « _j .A d . rtl . M " ..I I jljX-VI ^ . J 

.^jjL^I U jLuaiil ,_LJ dUjj .aequalis 4 «K1 jLuali.1 
jxt 10 jxc. jjt j .2x5 = 10j j 1 U jjx j_4 j <2+5 = 7 ^ai -j^j-lJI 

(jj 3 Lj-a-jia Ijl A jiA j . _>a I j't lO jj ^LJI (j^J (j-3t-oJa 

<> -^_i-> i«~i ll jlacVI ^yJI 4 n i <UII Ljjl.ic.1 J-S^. £— Iaaj <1- LjjLi <2 
LLbiLo LjLuJI K _> m II jlxt^l «^L^ Vj .-2, -1, 0, 1,2, ... 

•f-jj-Si V (_j-0 JSl j-ijLLa J_p^ c- H 1 ril l (_n> A«JLj jjjjjjl-ajl ^jiillll (jV ilfAi 



<\ « j i ti II JotVI (j-o subclass ^j^- jjjjJ> ^1 ^jJj ^j-^kll 5 « 

4 j < j 1 U JjjtV ol 5 r I « o m j I jIj.c.1 (j-A j <<_J jVI jIj-cVI (j-t-tuj 
2, 3, 5, 7, ^ ^JjVI JuijVI jUcVI t-^J -fll "■«'» Ja^Vlj 1 >UT. ,„L) 
J£ilL <^c 3^*1)1 j£~Jt j> lllj! ^-J «ku ,15 ju*JI ,11, 13, 17, ... 
(jjjjx. l_i_>_lo J .ol-kj <iAt jji^'II V AjV ^Jjt 17 jjjJU iJjLULj .3x5 

«oljjJL» LoLaj t j j 1 .ti l^jl .,1 d I mi" L$-iL£ j Lfj^ <jIa£.VI ^ p 'r>4" (jjj-ll 

£\ ti-\ 1 (j ,li o c-^ mil jjl JjSLaj jljjtl JJJJ j^J-SJ - <jJLiiIaJI jtj£.SU 4j Mil mVI 

LfJ J <j ml miVI 4 n in 11 j .A 11 4 J 1 a f j lVi II JlIc _ ^^kVI jljX.VI 

((j^JjJil L$XjJ ^ylJI ljLui^JI fAc 4j ml *ifVI iLfcjj-al] ^ mi! niVl -> a II 

Lot <jl . <2 '5llj! JjxV JJ^J. uj j-ua JjuaLa, jjk ^»_ijli JJX J£ <jl j£jj i^'j 

Jt <9 365 81 1 Jl* 

^ <j uiVI j 1 n II .(3X7 2 X13 3 X29 j-A iJLsJI oj-A 6 Xi j p-Jj-kj 

J-^olj^. jjii mi'. ^1 <£1>j -> II coding liiiil) jj-ojiJI cjMj^S J«LJ 

0 ■* 0 0 4 0 

Cj\ \ tAL»^) jj_a^-o Cj <nil <LiJj^fl jij-C^I <L_ujIjJ^ (j_ijJ^! ^2^^*^- J j- L ^ 

cVLo^VI j ^S^UJlII ^ ilaVI jIjOJI d s >Lu, ^ji j-o Lfil jl '<JL^V 

IjAju dl_j_A JljLo <<jJjVI jljX.SU <i jj-«-a ">"i -a C»l J i%il "> <aj 

oIa c5^i .(iUoLk o>^ ^j) ^4 U"'* .'M conjectures olllUJI 

oOfi riiJjVI jldcVI <llo jj£ JJ£. j {S i£. (j^OJJ ((^JjiSl L^J jX. ol'i nil 

I- o13466917 -i(3) . 4 i-« * ^ .i - . * - - 1 e,i 

IjJi j ./ - I jJb bJL=k k_s j^»j> Jj£. .i_iS^i ,_jjj jot mi JIJX.V1 

u-* u-Jj^ j-* j 'Mersenne prime *g\ j m.j-o jjx. Lr ic JLLo jjjJI 

1 JOaJI J-ol j£. (j^ JJc (^1 ( t .rt'i llj^-aj <lV <IjJ jl Ijjc 1 ji'ic 1 I jl iaja ■-* jji (jj (2) 

4_i£J luli (j-a 1 »Ujj ^jL^ol J-=J j .ujl j^JI (jiiij ^^it Jj mi II 

.oVLa-ll (J^V Lf* lj M->'if mi LjjJJ 

rjJj^JI ^jjl J^^?.jJI itlXagj (^-.tiil lis jl-u^>! j^jti J^-j) u^' ^ J" 2 OJj! Ij[ (3) 

http://www.utm.edu/research/primes. 



Cxj-^ 1 4 jxaJI Ixa y'\ ,\ t \<S .*JjT jj-c 4 ..,<•» p j -> 2 P - 1 J< All 
fJij 6^L* 4 LuU ^ '}U£ <G->L£ LijJ Ijjj .2001 jiU ^^j^/^LUI 
11a j ,_,:>^ M a 1 ; <J jJ SL*3 jkLS jVI aIa j <(4 053 946 j_a jjVI j) 
<I:Lip <f-S_, <JJI _>i£i (jjs iaJj-dl 6 j j »< II <lljVI j!jx.VI o ■...:> . v LlSJI 
jjx. Lajlj lljj (jSLl «Lfljj iliLuAll ojlj <fJjVI jIj^VI .titanic 

<}lj-ai tjjjjl lj_A <-t* iQJ U« o ^ jt-j-Ja JJX. (2>JJ <J-fiVI ^j-lx. j (^Jjt 

J.XC.VI (jA » t ,<jJjVI J.1C.VI (j-o (j-io^Lo 1 n (j *t_i ) J^a.jj £-3ljJI u^J 'i^J^iJ 

.twin primes <la!jill <1)jVI jlj£.VI» <>> Ifjj <}H<ii .L»-a L> uj'sTi <liy^l 
(Jivljj .jjLj-ol^j (jL^Jjl (jljJ-c- 13 «11 (jLi lj£_4j <2 I ^ 'ij i ,J>iJI j'x£.1 

,-. I ^jt ^l) twin prime conjecture <lJjii\ <1JjVI jIjx.VI iil^> 

<LJ jVI jljX-VLi (j-aj <<LJjVI jljX-VI (j-o 4jj-o jjX. JJ£. Jj^s-J (<i«->(i 

jjjjjx ^a^I jjLs <<jVI ^"i-kj .<U4jj-o ^ji <14jIj <j-1jVI jlxcVI Jj-o <<u-o!jjJI 
33218925 x 2 196690 - 1 I a a j j ij^-^-* q °> nlj-3 Q j j Q 
jj_c J^Jj ,2002 f U jrj>JI lj_4 33218925 x 2 169690 ++1 j 

.(Lij 51090 

> «*."<! <}Hai .<lljVI jljt^U (^>i.VI <Jaa. » II clj ual ^ II ^ jjKH J^-jj 

J± 5^jVI jIjxVI c«3i dSl «S. Ulam (1984-1909) fij ^sX^LL^ 
<2 3 jjjJIj «i*)joj j_j.ll 2 jjaJI j (J^j^JI 1 jjjjl a <(i_J^J) jjjjla. 

,<jJjVI jlj^VI £j n-^ O o IfJ (Ij^Jkj <4 jLuo ^yJI 5 JJjlJIj <1 ^^ji 4 JJjJIj 
jkVjl J^JLJ-Liil jjjj .(3-10 J< n.ll) <J_>i=Li lajU^ ^ . elaU J , Ljjli 

Luajl > a liu^j ^1 E. Teller ^i} j jljjl ^1 Uj j ^1 _>Iaj j j I 

La^ LoLG) v>J iJJ <1^LuiVI oljUl (jJb <lljVI jlj-cVI D 
< J I n f ^ Ij ml i i.l IjjJ LjAjI (JJjZ La-Jji n II <j ml n.VI 6 jjJI 1 Jjjjl 




^jjl J* >^>^ -^S^ *t^j^ -3-10 JSA1I 
,A U<! (L _J ji ^ it-.ll jljtVI 

^La .iJjVI jIocVI xja^j .J< .Ml 

.L-=»j1 c£>*^ jtal j^J-^ Lf*^ 



^111 _ C.Goldbach ^LoJ^ oW 1 -"^ C^ 1 ' 1742 f 1 " 

51 L. Euler (1783-1707) ^1 jjbjJ oj.^ll ^llll ^^j-oJI ^L>ll ^1 

(jLi IjiLij .^lljjl (jjJJ^i ^ J^a-a > ft J_ft 2 <^-a « J . » k JAX. 

^Ul , c lj^LJVI .3+5=8, 3 + 3 = 6, 2+2=4 47++53 =100, ... 

^ ^W^l H 'G°'dbach's conjecture £LJ ji. 111-! n mm 

£j\ ^yo A \ iTiLj <j j ■» i o II ^ I j,) > i ^ . A,\ n\\ 6 JJk J-^J Ci l \ > (_j-i-ll *j M : A aJl Jj j ~> II 

:<djj J-ijj L° 6L^jL> 1 1 ^ ijuU dlj^t'i" j <■* nt VL!Lo (2u^> ^ita o II (jl Jjj 

V jjjSj jJ5 (jjjLxAil (J-a u 'nm 4j n~ > ni l ^jLs <jkJ (j^J <l |} , _ilf . ^La^j V dis 

JjLAjjJI \Xa j _ Ltjjjk. «( *> ft n II 6jJt C)LJ)I SSj •JfJjl jlj-C-l <J^Lj g^J QT> n 

.1937 f Lt clJjj J.M. Vinogradov (1983-1891) 

* * * * 

<jlj£.VI Jj-tt ' j J Jl =>- I <*» I uaj ^jio Lf -ic ^.5tj I In JJjC <.o.i.i< J,Ij ljb» 

rational numbers (<jjL«JI J ,1^ ...HI jt <?jU»ll iLLl^JI jIacVI ^ rt ..uT> 
£ I U ,^ o I 't II > ,ii j,L^ Lajj J\ fratio (>o rational 4 a K o^La.) 



j^it illat^j f(JiaJt ^1 x£ ,..' t jjb ijta^VI «rational» 
3/7 = jj n Hj ,1/2= 0.500 000 000... :\ ■+ \ 1 j 0 <j j < » SI j_J! 
.ttkUl jUVI Lj-SjJ (tajVI ^SU^i J^V .0.428 571 428 57... 

.<lll pLI 

' 'J <Sj ml > n II f-\ i ni^l jjl a J ' ^ f~i ~> r7. J-Aj <r\\*jj& j*\ i~\ olj-i lj| 

VI j <LoJ ,jl J< MM III jjJOC <ljj ^jSj jJ^I jjJI l_fl Ml^l IIMJ tpl fl. t ft .n 7l ^j£. 

tj \ n \ V ^-J o-»J '^JJ^*' 0 ol » H ° (j-Lc (_g J)" V jljx.| <Laj (J-A -J-Aj '6. J J ~» 
AJ-A i. < iti"^l (jji Jjl ^)LS S^j in i i U jjjJAc j i 1 1 1 'i 4* \ tr\s I (] >r jjm") II 

^ ^jJI ((^jjcllAill j»Jk irrational numbers <SkUI ^ jLtVI 
jjVI ^.oni <LjJU=J i»il jJI <1jaJI) Croton ^ sLaJ ^ *lkll 

<<iLiJI jWVI '1 a i ujVI ^1 s,.rri mo ^li mii i^jjLS .(Crotone 

t _ r Lt MiaJlj ^ ->l ..AVI j^JiSj Ale jiLkVI f-jlVij < u n A Mill J^ilJI jk>i£-J 

i J t_" U 11a j) LJj^LLlI j£l (> jLlI_,VL ^ J mil ^cl ol^VI u^LjLLJI 

^/ 2 jJbj .2 JJjlII ^Jt-iJ^lJI jiaJI $ 'J'"^ Lojjx. lj_A J£ b^-j f-t '* ^ I 

•Cit v^-iajJI Vj irrational jkj-a ^i. jjkj <1.414 213 5... ^jl ^ 

jlotVI ^j-o ^aj^ jAJ i-S^JiJ <5_>a. <C^aJI dJj ixoj .jAl Jji ^»_i>ti J -It 4 1\ mL 

ai j <LA_ > Li ^1 S^jIj Uj -\ « <L ni'ij tc = 3.141 59... I |j 'i n iA ^ <<3iilll ^ji 

|kLt Xxi (ji-i't o ^ji <jf CjjJJ ( 1 737 |xlx. jJ Jji Jjj> 7t ly> jJI jl n'ifl ^5 jj>. 

^La _>JI ^>a. c?^') L-^=v^ 71 J^*-ll <1LlJI ^ir. jljx.VI jjua jj-oj < ^1 767 
oUljjUJJI o-Lj) e = 2.718 28... jjjJ j .(1794 jxLt jLl« d ^ 

it^ fi U^jLaiJ jjiaj V ^jjJi CjIjJoA jjj^JL <Uic Ujj^aUH ^,1 ^Sfl ^_fij-xj t^ji .LoLo^ 1jj.uo« .iSJ (4) 

\lAj iJjJA-Jj Jj^JIj ^^JjiJI JU in^f ^jIa^ ^ CjL»-^ jlkH jj-lltj (LljLx-al L^-Q ,£sJb jj^-aj Jj^J 

.j^kJI Jila^ (j-cu^j - 1 > 

<Uij 1589 sjlj Jj^L 7 ^jJI .^UjVI > aVI Sjji ^1 



kJI 

.dJj£ e 3l£ !j[ U JfaJi LjJj Ui jjkio jac e 3I 

(j_a II jIjxVI j j uaiJ j .real numbers 4jlj«^ II J^xVI < ji I) 

* * * 

Oj^i. 1 <■«■ J «" ■■■ a ll -V ^ lr j k 9 'i i Jo-a_a <jtj J AC Jf£ ^ j »*S t" II (j*S n n It 

LLliK <<jiiiaJI jloc^l 3I ..LiJI ( _ r k \ \j UftKlL jldcVI ^ f kl»"u 

dalj ^^Jl fjLujjJI (j-a <jl-$_jV ( _j^sLi 3-° rt" <p I a " hi n II t~i -% II ljj& ^j-ic 

^ »a" ■■■ " kj. Lf ic Ul a \ , <LjjjJta II jldtVI iajj ,jl .j tU'toll j±L J <<iiaJLaJI j 
<4 S I" -> ft II Ja jja^-ll £i\ l K-iLa. _ <t uij 'i () II ^1 i_S_>JLj ^J) 4 n m l -» S J U -> j-l> 
(jt 3 < ' ftj _ tUAAjLa II jljx.'VI CiLc jfl^t o aj j < l-i Vi II oLfc j n % n ^5 3-* j 

Ijjb (j-4 ^ <j U II (jjk t'l 1 i ii'i (jj «_>! in ~> II j»_Lc (3-o LcjJ I ^ a '^ j-j ^JLxj 
(jJc jS^Lu* Lij] 3^> ^x-jJI ^^Ic <jt <_« jjl <?Ulc £jf*JJ <jl Jjj < J-uaill 
(Jin tol v i A LijJI Lu=ut Lcjji 4 i i 3 n i A"i L^jLa <^ > il ma 

llljj .Ij^LS ^ujt ^.1 II JLjwo oM <ifi=JI .(4-10 J.< ...Jl) ^al^JI 

dJjjjjJ (^jLaJVI ^j-teLjjJI I j "> > j| 3-° Jjl <<j!j^». **'*" ^j-4j-J-oJ 

fJUJI l^-Lj f Uj ,1915 f Lc L. Lowenheim (1957-1878) flL^J 

<jLi J902 AT. Skolem (1963-1887) ^ij^ d>\jji i^fi ^.j^ll 

t> ULk: 

^ , 4 * * . * 

j>-L*-j ^ j-^ .All (j^,* i i Jbi jjj^f Lajjj .axioms (oLxg-UjJI) oLaJ-w nil 

dj_>-LCk.1 jj <LjJaJI A n ihSII oljlnf. f-lj^a-lj <<j»j ijjj) jjAaJI ml <Uij£ 

<\\ of. ^ j n Ti ^-5t jJI liLiLfl |uJ j's iii _ a -I (| '' \J I <L1A^JlaJ Lai j «G1 4_ujjA«JI ^ 

(j^jLillj t^LxJoJI f-LiUj^l J ^(j-aj-oSDI) (^iil jill i.'li'tKjnil gjLU ^iLaJuLul 

Lf lc. IjLaitl LjAt jJJ»"ill tj^J 'o*^' tf^ 5 * LA^J^^ lT^' <«Ui^»-aJI ^J>iJI t>l&} 

«_Lo I jj )*? I n mi 3' ^-^i ■' J i<i * II <-ii-> Lf -Lt «l in it y-^ mi II — iA*J ^ol aj ui a II 

^ (^V i_Lua j <u j i ~> <j\ LllLi 3^- 3 .'J?J "■•> II |» l» I ' ^ '«i j£ » L^i * ■■■ 



I 




■«f .11,1*10 II jvlt "" j » I^LS j__ (j-oj lAill (^Jli-o jj (jLijjJi _j-tJ _jt_- .4-10 j____i_lt 

<JL__J| I (j ', n ,A <3-o j) "L____--L__llj S_l_l,_Jlj iliLioJI J_jJU-SJI J-4---I 0----J1 o-o (jl Lift _<;_V-J 

_ ^Vl ---,>*-> _)~ ''J .<--t---__-) CjLftLaJlLi .Lj^___. ^Ua_> I jjlr J .n-> 'l jl.A*V ljlj"->l (<>_>jl__J <-_=.L_JI 
^JjLL-J JK .tiVI aj_» J_Jj (jS n\ _ OjLSjJ (_-JI ' JjVI j-lL_JI ,___ <J JJ-J liUj yJ J_uki.ll j 

- M * « _Jj__-J < ' *t — - II oL__oL_JI j f-l isiiW 4__j_jJ& <i__I^JI _>VI _j' i'lVC n I l-l__4j ciijja. 

._1.s-._AJ 



j_S La jj__-C > lfcl Mi f I j ,>*> ft I J I ■ " I ______ ("j___ j_J Ijlj . < t'll ni'iVI <ij«.n 11 ^^'ifi 

.jjltJI 

4 \ A mi" fi ^__ii '^2 (jn I I (j_-Jj '7t I j) i n J '< i l-i *t ft II __>-_-- jlj-C.-'l (jA » t 

'jjjAj ! Iaj .4jjL_JI oVjL_J.I (((j^j j.o-..u)) LgjiT l --jl-_-i .transcendental 

!j__Aj . (7) 3x 3 - 5x +7=0 Ji. jtij„M oVjLjlI Vjla. I L^l <-iUu 

* » i 2 1 

.7t ^li 111 «x= e <x= 7i J_____JI ^ J__, I_$J £>_ll 11a <>- itab-i j^_>j Vj 

Cinl .1934 -tin _$-_J •! ■ A. .1 (jl ual hi" ft I ft (j M Jj 1 a S j__c ______ e 

^Lulo li* a b <jt A. Gelfand (1968-1906) _dl__k ^U-iJl ^jjl ^LJI 
■<a jI^I a n <a n xn an^" 1 ... a n = 0 L^J\ <LU_-JI j;" (7) 



■ • ■"■ ■ - ' , , . txidli. *W 432 

^/ 2 ^inill >c JiaJI j ngj^z. jjlc. 2 (jV |>.l m" o «Mjus <2^ (jLa I jSLa j 
f-"VI oij !la .2 V2 Lfia. 3-' J ^ , -'• 4>?-J ^ '<j'4 ( fki*j (j- 2 "^ 

^j^ujjj* ^ <uJi i_»U^ ,jl jjx Ij_aj t <LUitj ^-aJI (>* 3"\ A ft <«algebra» 

^_iJ Jjj J-2 j .Cj^fjLall J-a-J < j *i » n J^-=>-ll <-a 1 *S Jjlj 830 ^Lt £_«jjlj_aJI 

.oVjUII J*J a^ljU! (> 4l..i.lu. ^IxojjIj^JI) «a|goritm» 

j i„lTt a, a ]| Ci'ifjLx-aJI JjLx <j1 UjIj jU 
I '■ JbJLj 2 X= 1 Jjua CiVjL*-a JjI^ (jl .<<<Ljjo» Ijlj£.1» <Laj-a£ a '""j (jlj£-SU 
Jla CjVjL*-o LlJaJLj <^jl&. ^ c(X= 1/2 jjfc <JLaJl a ^ J^JI) <lL»la bljut 

C^ouJ jlj^Vlj f(X = y/2 <JUJI alA ^ JaJ) JaU'm Lljx] X 2 = 2 

'2 • 15 » * 

.(X=2 V JJaJI j!»-a) *Ual ulo jldcl ^ ^lljUIl lA^U^ <Jau 1.1M oVjUI Vjla* 

^yjJI) X=yj'2 = 1 Jj-o <oVjL*l V jla. L^-Luajj jjajjUll jljx.VI l£-°^J 

^l) x +2 = 1 Jl» oVjUi V jL± ^JLuJI jIj^VI j <(x = 3 t^U 

J^». jJo Lai t II aJJb ^vt CoL£ AUj nit <JjL»_o 4_aii jj^J .(X = "1 LfLa. 

5V <jSfl ^ ULLols jIa^VI 6- ^ ^ ?x 2 +1= 0 <JjLLil 

.0 <t ->y> \ll Jjj^j (j^ ^Li d <jJI t , «l i^j Looic j <i_»A.jjs jjx. L^l* ^! 
(jAj-J Jjla. j-=.jj 

jjk ^Ul .imaginary number i J.j.^"iH joaJI j»>fix> lj^iL»t aii <oVaLxll 
f <3jiaJ| j _ j ■( i = V" 1 cs 1 *-^ x2 + 1 = 0 iljLxil Jiv 

oLj «Jj=>- J-a ^JX <<J i— jfcl lo a <i JJuJI ,jl IjjJa - OjlSaJ 

. (i JutkjJI » JJaJI 

Vjla. <X "X+1= 0 <JjljL-aJI Jla t C»Vjl-«.aJI <jt ^ ioiI La (jLc^juij 

x =1/2+0/2 yj3)\ <JaL«_JI aii ^ ^ j <5lllaJ»j J j a j s ^ jl^tl ^ <_L!jx 
.complex numbers a.tjSc blox? jljx-VI =1/2-(1/2 73)i j 

,1/2 ^L!> JjVI ^UJI <LUl!La jj 
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'1/2 ^ «j i ~> 



pl>a.y Lax;. 



jjjJI j> ^s-Jj-o (jJiLUI J^JIj .+(1/2 ^3)1 : 
<L^Li. jxlji j>=».j (> jj V J .-(1/2 >/3)i :J j-^"JI 
I p Vs I < Jj-~>"' j^L? j- (>« <j^^>1I J-itVI <j-« £>>JI 1^ J-c- cXA ■!.■> II 

<jj LfjLi jvij (j-aj t^jQ-* II Joc/VI j I j In" mi ^pJI OcljJll <LjJLXjia £>ljjJ-»JI 

L$_j-a J£ Jj*i n" ^ n n II (j-a ij\ d^jjj LoJLa. LuQ J-4i£ Jjs! «U.l 8 1 II jldcVI ^-J ir-Ti 
JiLuiAJ JJjJI liLlj (j^ ^jj?^ II jj^LuSjl ^yj '-'J^ 'J* "' " <j-* <Ja5jj 

.(5.10 JUJI) ^ iiL^ ^J^JI J\j j^-JI 

1 jjlaj ?Ua'i i < Li <G tj^-oj <^aJI <(1,2) t^J^j-a-H jj J-^JI tiLL^jj < jjk 1+2i 

JOC. ^ j _i's4" I I I "i "i<[ n i j .(jisVI "I I jjjt 2j l? ^lj1 > !I -\ a I I £y> f-u, 

* * * * <■ * i 

<j_a j mjVI t_S _jJiJt (j-i < II <j>£j Oj < jJlj-ojjJI jl <_}Lj t r 

.^K^'ll j> mill (><uVI v_S>UJI j^i ioaUl II f m&lJ <JL)lLo J_iU"i moll 

I jlj .4+3i II JJjJI "Gl (ji ^>SLs . j'ij n jjJI j ~> Iktj Loj'if Jjjj mftJl j 



-1 -3i 



1 + 2i 



i-2-1i 



Ji«JLi mi nil <ULb AJjILhj ^nnll Jjx j ij'ni'ija jj JJt jj» j^jiaJI JOjlII .5"10 J* H 

oUJLs^j .y-^ljJI J^-«JI ^ §Aa.lj }Aa.JJ '(jjjVI j^-^ll jit (^iajJ jLy 2-1 i ^jiiJI 



4 j L ^ j II jLcVI j ^ V <£j^l la-* t>> JK .t.l j_o ^Lp jL j» .te 



tL^o ■, V Q \J '"'^ * A (J-^JH -0 lL?^ ** ' " i lJ ^ ^ 1 J-A 
clilj^aJI ^Li (J_5jJLj JJ3 Lo^j ^JL*. i> jlj-cVI &JJ& ^^Jfc Loj (Sj^^j-aJI 

. (jjJIjj-ujJI £ya JJLCl ^JQ^ * ' " 

(jj> _>f^- Ij'J-t ^-oj (jl I? <* SjJoj (jfJJ 

((4jJLjjjjl^» L\J 1,1a _>jjuij . jjVI (jJI j-«JI ^ il"»'i (jl <T j < « 11 •t^-^.j 

ao^J £jl j > si i&LuJ Hilbert's hotel c^aLa jjjiij .?jj*>*m ^auokJI jl.ic.VI 

($111 <D. Hilbert o>j1a ixijj ^LdVI ^^LiLjJI ^ c£>4 >*J <«jJL\jj jl^JI 

(j-o <lj-o j_lC JJ£. j-o ^L!^-o Cjj-aJ-A (3^^ 'i3^' < ^ V^J v _$- a iiilj <-J. W i < L I ftJ i n 
j^-^ jjJ (JjiLui-a J .<j j*^ < ii o i_fljjJI (jj^J (j-^f-^' C?>J-=^1 (j^J «_S_>aJI 

n-^ ^15j j[ K in n J^«. j_l V» :^ljl-i (jjj-a-ll) CijjJ-A ^^p-aJ jjAlt -(JjLtu 

<5 ji-Li. ^ jVI ^AJI L£ jL; <S jjLa^JI ii J£ Jilx> (jL s-VjAJI 

^yjLj <<I-LJJI tdJj (j-o j -^1 "t n CxSj i -Sj i<~» II v-jl *JU m l ^jU" luj l>ifJJ 

V» liijlj Cjj ' I ft '«~i i jjjjfcj . JjLuj ^> (jjJ '(j->^>il i i i ni l (j^> <jjjs jj£. JJt 

> iA Uj-oLSjl ,_jJ[ JlijjVLj u-ijj i A II £ \<\-y ^Li5L <«! ^K mn >!=>. jj 

<5jJLL ijjjiJI ^.LijVI CjI j ui_>iJI jj^^lj '•iff j <U^-* l>ljj ^ylll i-a >«JI ^.U 

.(j^ajlaJI ^jo-^ I Lij£ ^>i jj dlJ jjj 

(jX- «U^i d>^-aJ C^ill La O^-L? -f'->i LT^" U^' Js^ 0 ^' ^ 

:_>Al (jJX. ^JLiaL JJX. j o m j I (j jlf. Jj • II ^^aJI (ilLtlJl jljx.VI 

j-o . \ -s <j| jJi jt_ual ^jJI cjl J^JI S jljxVI ilLlj ic j fi'S n j i <~il 'i f JJx jJh LaJ 

i ijjx <_<Ji ,jV '<■.'«_> .tti ii jIjx.vi j.* j jji. tlx ?<U"> oil jijxVi 

'(jf^ '-"j^J '53/67 d/2 <1/4 :!ill( i ) 1j 0 j^ jJ5j Lp-o Ida. 
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V 


1) 


^ 1~<L\A\ jlocVl j-^j .6-10 jauUl 


D 


1 


: 2 


3 


4 


Lj_il_« ^Ji j ,i . « . . L It jIjjiVI £_o J-iLij 










.(countable 1»JJ iLli) denumerable »j jj-c 
^ _>4Jt3 JA\ jl-AtVI (5>UJI _>k^JI ^ 


2 i 


h 


1 


'2 


<£ 




% 


^ ' 


1 


V 


^utjjkJI jla^VI Lai <p/q h ..."ill (,U..i.) i 


i> 


% 






1 


J (j h < <j_uijVI Jj_mJI ajj^j-ajl 




% 




% 


% 


.ii^V 1 - — '<■ i -.•.<».■ ,~j.-.-.h jiu^yi 




% 


y» 




% 





jjjk j <(_>^ L* j <79/47 <5/3 <3/2 :}lla) 2 <1 (jjj jIjx-VI ola jj-a a-A .A 
jjx J--a"' «L - ■ t, II j|jx.SU ^1 jjk ^- j-> II uiu^LJI ljIj^JLs dLlj £_aj .1^. 

ijjlio i~i n uij _"■ ' " <6"1 0 mil jjJJ j lf» \ '» LjjX.J ^r_>~> i<-< I J-A Jjl t£jjJ 

J^L j^k. j -(Ifrl-a iS^. jai ./^ P^a. VI J^-kj V llkiajl jljfiVI JJ-a^- f-«-=>J 

Lf lll jj ki'CH { U uij\ Sjj-uq ^ ^fl=>j (jjJI (^Jjut-Jcjl jljjtVI Aa^i ^^tlsJI j> mall 

° ^ * *• ■* 

_>fJaJ ,_jjJI .^11 jljcVI i ti II jLjjjJ ^ i^->t1 (j-S J^jj ,LAjJjj_iu 

s 

t^ya — j '»* ^ " II 4 n o II 1 1 i*s II ^iaa S > ■ a * a II *> ~ij -jj) II ''I I"' ^IJLo^ 

3/6 Jl-o <6j_>£-cJI jlj£.VI ^ I j J IjJX. J^ '> ... .jAl ^^JX. ^JLtila JJX. < a m3 
In *> a_Luj ^jVI I i 1^ a ' .A ^ o J-*-*- Ij-A (j^-l «1/2 (_gjl lu » I (j *t n '4/8j 
lj-4 i3^^? J ' "' ^J-> .(J^.i'ill 1 1 o jjt La^ jj i ii^ II ^xuj jai ^ji* o 

- j j '"^ I I °? (jl '<-Sjji=JI 0J4JJ .<LLLij _>_»j^ JSL1 ... <2 <1 jjLIj <LiJI 

One- (A=J j ^1 Ja.1 j) <JjL=J <liLLo ^ LfA-^>j - <HalaJI jIjx.VI 

<Ijj1 .lii jIjxVI jIIj (>J ,^hji UJI JjxVI j-<> to-one correspondence 

U-a >-t*i's? Lpl £_a <iiAj_JaJI jljxVI JJ£ (j.ifl'i j-Js <Uaj-aJI jljcVI JOxi 1j 

.2 j 1 Jjojj 1 j 0 (jjAJ <UalaJI jljcVI (^a <jj-o ^iL JJt <-aj ikJI jljtVI 

_ <tlkij| jljcVI LajJ t\ jLuali.1 j !2 j 0 ^ <A^j^i\ (j^ii I4J ^SJ 



Jj^JI ^ J - denumerable (Ixil <LL15) Sj^ic. l^il Lpx. Jjlij 

<JJ^>J CjIJj LoJJJ .JjlJI <ji (^_^=>-j (_yJ.ll jljX.VI (_$J-o jiilll ^Ui > «<L>L$-jV» 

x _J ^ji ^ iiJj-o <j>^?. <pjL»_a <j\ it^^Laj I ^ j 1 c. ^Ur. Sjiij s-LUI 
.(4x 3 + +2x-1 = 0 iLLvJI ^ L£) ,^ JatL <L>jj-uka (x 2 Jia oljLc) 
oj-A J>L>. t^fJ (j-=>-Ij j-=»-Ij) <-LLLa <-aj IjJ 

oj^j I •.Ua~.-.l .CiVjL*-aJI dllj JAaJi ^^jJI 4->j~> </ill jlicVI ofJJ - ''jj;?- H 

jj^aj _ <j_>jjaJI jl-U.VI _ JjlaJI J^" 5 0* J ""'^J' <lljj£lj ^ 4±jLLaJI 

^jt ^1^,1 mi (jl I 'i a j j .< jlofcVI £-a J^-lj ^jJJ J^-lj <LLLLa I (j » i A j 

■<U*jj1JI 

(_>c jjju'll (jSlaj V ^1 liill ^ j <<ikUI jla£.VI JJ-C jJk La '(jj^ 

^jjSj a5 .1 (j 'i n 4 Ti n jjt Ijjc <Laj (jlaJ Lajj ula t _) JJ >i t '"*'.' Lj *' ft (J^ 

<Laj (jl jjfc ^i_jlj^JI ^-S_)JLj ^j^"' j»J La^ «_lS IM-i-t ft ^jj's" JjS La .^a. ( _ f lc 

jji: jlutSU £l nliU j|j£.VI ijLfiV <> ^ 4 it-Tin II jaC. jlj£.SU <_>LfiV 

\ \\ 'i i a ^- j^p ^ 4 n i ill j^-aJLc _j-a I ([ a ) a iS jl ■ ±i II 4 n i n II oj-4 5j-q jj^jl *■ i ■ 

^laJlj ^jJI <G. F. L. P. Cantor (1918-1854) j^lMZ ,_, j I j j dLxijjJ 

<GLja. a k-» a ^Lcj ^jjj.^^^ ^L^u ^ aJj ^jJlj 'U^ujj t>aj J^^ajlaJI 
Laalc CiLci jUjj ^ a lj <Ql JJj <C.LUU=^yLi <liia <GL^a. CijL^ .LjLaJ 

j***^ ij^? ch° j-^jL»-a ** a '■ dl_)jl ^jj jjjLsLj JjL^ ail <<-»Ljj^LII ^j-ti _jj> Jjl ju ■ 

L. Kronecker ^fljj^ jJjj^J 5 ual ^ ^ <Cii>ll tiLlj ^ <QkiLa_a ^jj i^L^JI 
^ c^Ulj -i^LjJI LL^jVI ^ ^ lj lt 1 ^ (J^ (1891-1823) 

Iaj oi j . a* a U \ /> II jlaX.VI cl 'tVi mL jlaX.Vl CiLc JJJ £ J n ^^lt J^l aJLj 

<_jl _>j!cI <gV '(jfaJI ^yJI f- j-^ Ul ^l <aJj li*j <5ojj->i <-iilc oLIjU iAI LfjLuj 



.Ujl^V Sill UjtLLl ^1 <kxul ^Jl _ jjiili _ <itj '(^flJVI JLnJI ^ 
. .i j < j (jL$ u j_ll j_a Bacon (jj> ^ j .» (j! S j^J <l^1£. c<j j a "i ml j_S j 

'jj'^ II -.1 . ■ J»l .jll Jjia. i. < iTiCi in > (jl^ I n H n LoLaj (J^jjJI Jjia. i_4 i'i^'i in 1 (jl^ 
j_o tJJj i^J jj^ j <<jL$-j}UI <L=J ^ Pj-oJI J-aL^ LsJ-JJfc <JjLa-o jjfc IL 

.J-uaiJI Id^J I Tit ilg-a 

iiklJI jljcVI tjl CajjaJ ilaj-LUj Jj£^ ' i .M~i<l 1874 j».lx. ^ji 

-1 °l ■ •■• <<juIj L$J <_£j^i-l I » i ij~ij t<CLa -> J nl" mm hi .< <U"i nil jldcVI (j-o J>C-' 

j-ajl-s <L>Lj£Li I j_A J(j~ m.'ij .LAjjx. cjJj jJI ji-i' i i—iijjJI t-L> jj-^ji I jJ i^j-J 



1 


0.198 402 957 820... 


2 


0.438 291 057 381 . . . 


3 


0.684 930 175 839.. . 


4 


0.782 948 261 859... 


5 


0.500 000 000 000... 


6 


0.483 913 562 785 .. . 







j> ...HI tj-a JjVI <a5j jl/i^b I^Aa. IjAC fr^ iVi't <dJj Jxil -Lfrji Ja.jj V jlj£.1 

<>* (^j-i^aJI j» uJJ I /_h> ^lAJI f-5>llj 'JjVI jjjJI uj a aJ I 
I'mUhj ^Mlo mil j».li jVI jjjila :<JU. Ufi^rt U5 j ._■"<•> jJ; 4 lji* j 



<5J_loVI tajUJI Lala. ljja.^o (^uJ JdaJI Ijjk .0.350 047... JjJaJI JdaJ 

I j_A Jc A j t^llll JdaJI J>£. ■ tlLa-J»j < JjVI JdaJI ^ > fl1~>-^ J «GV 

<<jAjJbJI jldtVI ^ IjdC >5a1 (L»J> jlalaJl jj£ j (jklaJI) <ajjaiaJI jljX. VI J 
<jl Jjij I dJ -Lfji Jj^j^ jJ-C. JJX. tLiol L> jj I Vt^ n_i4 iiajlLlI cJLU I nfl a <GV 

.uncountable jjlJJ SAM j! <£ J i^ j-^ II jlocVI 

jldfcVI tjl ^JjJ Ljjfj All .MilS cJ>3l <il ...» La-illJI 6,1* jhTv] 

'j^L (ilkLJI ^ jl^VI + iikLJI jla^VI + iijLAAkJI jIoaVI) <LjJLi^a II 

<<jj^aJI jljxVI J t^lkj-oJI jld£.VI J <4j«jjU II jLlcVI (jl Lijj Llil Jjj .Sj jJX. 
■ 4_ml in" oil jldcVI SjjdaJI ^IjjVI oiA {y> Sln't i ii nil jljtVI .lfl»_in-^ SjjOC 

4jnl mla Sj jJX ?j II jldtVI J^aJl J-H jldC-VI ^1 ^l"'"> ouVI I "ijlf 111 

.(e 5 7i ^jjjJI Jlo) L^K 

(jV < ■ ol a -j <M*,lo lj-o! Ijjk tjj^J -ii -4j nl in" n jlo^VI t>o <-&a.l mi l 5jj!c.VI 

„ ' " 1 i - 

Luj .iiiiaJI .((^jjUJI)) jlocVl <>> Uljj-^j 5-a-fi JSl ■■■"nil Jj^VI 

V Lu ^5^1 4j.al .n" nil jldtVI iiiLa. ^| .J^ ^ L$-J On n ■ ■ ■ (jl clLl uu 

L$jj jjl ^Jl LS ilka.!iLo JuLujI ^ (jlatVI ^ ^^.Vl £j^VI ijj> < i 6^-°^ 

" rf " " # ^ 

JjtVli llaJI ^_<U"i uij jjl J^a-LLJI ^ Jjl UjLLo (^Ij (J_uaiJI Ij-A 1 . .in ^ 

■U -> n L^Lo ^ ^,1 jl .4jSj4-> II jldtVI (j;iJ da. <ilAaJ <tj>o ^UAoJaJI 

0 s & 

E. Temple Jxl^ ^-sJJaJI _>^- d5j .<j. o l ■■■ " ><> 1 1 jldtVI t>» <iia jajlj 

:JL5 jl lliLj ellj ,j£ 

(j-S j» j ~> 'i 11^ (_gj"l .» n II ^jlt <£• jj-a [<J1IJ lUII jljX.VI I (j '< n ^>^a-H jlj-cVI 

(8) 

. ZjlA i ii" n 11 jldtVI i iuaSJI jl >oJI j fialka fLaxo 

^^1 > JL, <^kJ| jU5>U _ ^1 jd»JI _ <JLu jjl^ Jl jjlil^ jLil 



.1937 ^ii ^jJI Men of mathematics <ol ^Dl »jla»JI »Ia cjjj (8) 



transfinite < _> II *ljj L> jl.ir.VI 4 1 ...I ... ^ JjVI <(>W "-M0 No 
N 0 ^ jj<s-.h iv.< . (9) Si;l^-JI a. VI olj numbers N 0 , N 1( N 2l ... 
(j£J .IJ£-a j 'u-JLllI .koJJI X] (jtj <i»L^^LII ^ JL^ jJUal La-iL 

^Lll .ii^JI jl^VI ,: >l 10 <^ ->J^ <*i^J iS^ <" K ,7. oil 

jjt t5 _U a ^ j " 6 j j () it, II continuu hypothesis Jl ^"Vl ^\ . LS ±c\ 

Jjl <jJi j <Ni 45 jl _ try II LUj JJX. _ «UlxLa II jljX.VI <jJUjJji£ 

.j^J 4",', o p|jj L, Ijjt. ,N 5 <!ilLo i^jLuuH Vj <N 0 jjlj iJLljjjl^JI jl.ic.Vl 

_ (j^xJI J^L L>£ <J^>KJI o>l=JI Jl jt - i_s4 L»j 

«* j 

Jj -y (jiiLt <GI jJj .JLi^jVI ** ' ' "j ° CjLijV t4-la-La aJI j^J <S j n" mi o II <dV jLa— o 

j^jj.VI jjklJI jJLc. ^.LsiJt dlJj J <g! cdJj «daLaJ ^ ,u d>iV 1963 ^Lt 
il^i c*jJI (^Loj V <Jt ... n ll &la jjl (1934 ^Lc j>Ij-<JI) P. Cohen jjjk j£ J^j 
(jj£3 H jljtVI iJLjjjjl^ (jl ^ <l (pU-^ jl l()"i^ i^i ciLiil Jj~>" i.ij jI 

Cijl£ Lajjj <— <Ni jjoiSJI ^ Li 

.ijL^-jjUl j_o J-ol ■» * II jjx. CjI i iALj^U <_£^>-i.l 4 i U o ji ft 111 J jJLl 

jJLLj iL_uaLjJI ljl Lo jj* LiJjJsx. SjLjLj Ijjj (jl ^ j ^jj JIJ-^JLi 

4 15 ml Ajxjj Jjk '(£S* •f , jA J w)-^ I d _ 'l^ - *' 1 Lajjfc <jb uitaJI l^J^alj I fl*-* a ' A 

i_i5 jjj I (j uiij cjLj^aLjJI J^i <<jLi}j!iUI ^1 l^Jj^oj Jji i_a5jlj iiaujisJI jlotVI 

•f^^^l n (_jj plj of . I Ul Vi liLLojj '1 U o (jUI'io (^ 

JjH ^1 l*iljJI Ju^XJI ljl U ^ ^1 Jl JL5i:V1 J^S 
JJI oUi^MJI 

a I •y ~iLi I *> » Ltj-il < j>jLjjj 1 j <Lajjjj (jl j^.-n" hi" 

jxLI <LLi j^c iiiiLaJI jljtVI (jL ^.lAy JJI <•> r>'ill (jl Lfljl (jj'»^ II iiU. 

jlAt!>U «transfinite numbers ^ IU ..n (j-LJI :L1a 5LJi J 1 V 1 (9) 

• (yj'fjla JJt (>i ^jSI (Lij-ojl) w i^a. w,w 1 :<ji>'i jlll 



<jj^-o (_j-^-S < ^ ft t <*> 1 1 1 ft H 4 t Ut, II Jji= (jl^ I ftfl ft «CI (j-a (j ' 55«3 a (jj^j jl I '*' < ^ a ' 

LLLj jjLi IU .jjjJI lj_4 jL£ LjI <Jol 5 \ II j_e jojlJI ^ ° *» (j_e 

j-a ft" «l a I °" a 4 i U 8 tal a*' JJX. (j . i 9. j , \ I j j" n 1 1 n LgJ^Ja d * » a" ... » 

S j*i iii ft IsLLi JJX. jX. 4-l>2 j^ * ■ (_jjJI La <(JjZ .iJLLlI Sj ft II (Jl I *i i 

51 ^ * « 

(j*^ ft I 5-1 j)"t iii ft <A-ij (j-a j U. 4*t (jl (j-iJ-> jl <5-*^ j "> *** 1 'Jj"''^ < ** fcj U"l ml 

a >ja* ... /> J. La ^ a"Ue". J£ £_a ^<jjLa.]) Jji.1 j ^1 O^.I J iLLLa ^ I j t iAj 
JJ£. jli IjJ a* ... > II a"« La II Jjlaj in ft II iaJjjJI <NI in (j£. jh'JI . 

_ LJIj"i ml (£Xij-i £-^U=> 4-aJ uj a _ I ... a ,- L jL£ Li| <-ij)*i in ft 4-Jt-Sj JoL5j 

_ jJ-aj) I i*S j| j" "J'l *' — L^-l ^aJo jl^ L>l 4 a ■ *»" i ■ ■ * 4 1 In a ^1 JaLij JJ£. jnt'i ^jk 
ir-i a ...a", c.^ itJIj a"_.a^a-v II jl.lc.VI JOt (^jLujj (jjJJJlJI jjj-A *>L^j 
(j-S -U-Sill JJfcJ ^ LLilll JJJli IoJjljI JJ£. jl£ □ j> <ULk 

ds-l j il^JjIa jl£ U tLajIj ■ <jlL2 LLtu jjcj <<-a^a. jl^ U hypercube jjli 

(j^ jVI j» a J 5^ LUj JJX. (jj^J jl J-Ai-aJI j-aj IU . JL^-iiiVI i> j-4 ^ 
i ■ dijiXi cAXi Lo-jj -J-^lj j" » »"*> ... L^J^aJa A o m ft A % Uj JoLSj JJX. (_£j)_uu 
<Q^,» Ci_>iljo 4 i ft inj La j^JI iZi UTil ^yJ-ll Cilj i«->L»jJI jfl lr» ft (j^ jijjj^ ^Ltjjl 
.^■*'l ^ f>L j»J La iJi«JI ^MjjI 4jfLo-> j\d£. ^Vi~\ in o <jL^_!»!iLll (jl i <((jjljl^ 



■ 



4 + 



La '"(_ s -& La j£Jj <Laljj (jf^. Lf^j-»-j l>^J <jLvcVI ^ jj'i's II a^-jj <il i_sjj«j ,j^j 

mil jj6 ljj» jl^ Lajjj tjlicVI (jt SjjJo^a Sjii jLijJI ^jj jl^ "ijl^X-VI (_j-A 

^j-fi Ld jl n»"> ml ( _ S -UI j^jJI J^.L.^J ^>J iii ^ II (jjj 4 uij 'i ^ II ^ j»_^S^aiJl 

- . * - - - ■* 

t< n\V\ in n Iajl-i-*\ _ «Ljjljjj"}M < mj*i(j II <L*jIj jj-oj j^J'^ L*"* 'V^ H 

jv^jli <<L9_iiaJ| .<LikX.jj» Cijl^ jv^_aL2jl ji! _ 4-1 j" in ft ^-jU, in (^Jt iajjjjjjj ^>jIjJj 

numerousness «jli«jJI)) j^i Lfij- 0 6^ 'uf^^ 1 j 0 I JJ^ff 



<«.L_iiVI j>?.j jvjx. .jjjJI Jj jIjjlIJI jlj UK i .number «jaaJI» ^aJi tj^Jj 

.(JjJdC I mjl 1 J 0 Jjli IjJ tjljJtlll ^l (jljjjiSJ j j^- j j 

Set theory cXc j n ■> a II <j>iaj £>j4-k LJLa. jjjJJ ijnj -k II jv jfl a nil 

I ( j jlf - ^jj-^^ U-o 'JJ""^ U " ' £-uAill a>S-H J^-'J {j* 

^ n ... ^LkjVI (jl^ .Peano ^Ljj Frege ^jji Iaa o^»l^l <-olj^Jlj <5JI 
jjjjj^lli .Casaubon ^jjlS jjjSJI oL^LjJI ^ (1932-1858) j±l> 
^ oULJI ^.o, Qjjt <_>L& JjU^j 6^ Middlemarch Jo^o <AJjj 

JjU^ jiLj LA .1908 f U ^ 1892 r U 

Formulario 4-aJj-» cj\ j .AUjJI ^jjJ ^ j « 7 ^ oLl*^ ^ 0 ^ " 

0 2 * S 

jj'ii V SjjLi Ij (^j'sj u< <-Llj-o jJLj_i j t "i r.l j_U .mathematico 

* 0 tf * 

<JI nf I ^jLlj j ■"*' tl 1 n 11 f <LfiJ^o Jl n»"> ml ^ > a • 1 J .1 i n^l^ I Aj » ia . ^| VjJ 

,d_.-.j-.N » d*.;^ Ciil^ U jSul <Jjj 4iJ <«Latino sine flexione» 

<j| (jJsu (jl^ Lajj (_^jJI '^jL^ (jl .5jj*JJI *A£:l^$ill d *»,>■>.* ^jJI iAll Sjj^»_a 

<-mjLa-a-l ilLJjj >cl a i .^.Vl S jl 1 1 1 •> 4_i_*,^_a_i ^ | ~> * i jjLS <LjJ jv!> 'I ■ ' (| 
Jot" . ..I si j .^j U *> 11 II j»,jL»^ t jj>*N l (j) <GjiS Vl <5 J-lj-fiJI 4_iJhlj_o 

fiollJI iijJI ^1 _>5lij ^ ^ ^ -> CuK Ijl (jjln~^ oil <f>l 8J .^1 

J ) U *t n I I C)lj ml iiiV <LC. J_ua jjx. J ^> H I (j 'll ^ o L{ -9 <JjJI 6 J-A ^ .A j d \ < 1 
jjLij «L4Jj Jjkj jjl (j-^' J J* C5 j-ll «J-i-"lj XjI_>JjJ ^ "l ~>. ■ tJ _uciLijJI 

]±j Lojjx. 4_i _j!itj jij i 1 900 j».Lt ^LUj LoiAic Ld_olij jjL^ ^^lll <^ -% 5 jJa j 

•Uj -dj*. . .M It i <Cl nl 111 n ^jLu j.mij >l «... i a (jl^ Lojj t(jJ* i ° 0 j <r L u LduJj 
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.jjc jjs 0 .1 

' ■> * * 

■ I i A vl JJ£. jjS ljj£ Xj . j|~ t La gjl .2 

.jjt £V 'j2±?A\ (jJLlJI (j-J 0 .3 

-j|j£.VI JJ-aa. ^1 ^^-alli <<Ti .%>U II 

principle of ^^-^LjjJI ^1 ' \ " ,,.VI b >t o ^ S j-j-^-VI < e I ,,. » II 
Uvs tui <s >J j^JL « j-iLxJI ^jJIUIb yJI L>j IjQ .mathematical induction 
^LUJ ^UJI JUI) ssO <jL 2 j <(0 J ^il^JI ^JLUI) 10 <iL 1 ui»^u 
L^Lo ^ylll <KAJI <jLa <dJj j-oj .l>^ jJj» j «sss0 <GL 3 j .(0 J j-iL^JI 

(Jj <«j ml l n II ^JLjJI)) Ji-a <«Gl -i It-i i«~i n jAl 1 L)' Lf* 

F. L. G. Frege ^-jj-s ujj-Ljj^ cLJj^J eLjjjJ <4 U 5 \ II 4>j_A i if. 

j.i n j o ■ -^j" ^l ol_> .ALjJL c5 -SjjI Ijj <Ijj-a_»^». Lol^J (1925-1848) 

^Ja-LaJI (J^-joj^-o g-*J-^ uSm .L^A-fl Lilj^k <LjI Cj lj ^j^i ft H 

*= 

ia.La_i JjL^ <dJj ^7" *" J .^1 in'tVl j^ill <b iA"3n <Uo}Lk I (j a i^i jj 

Grundlagen der < mj^ II 0 n ml «Li!j-o ^ cdJj Jj^L <j^«JI ^ ^-"j 
t <Jol ... >j <LS _a ^j-a^oJI .set Is. Jn ^n\\ ? ift ^1 .it' ...I .Arithmetik (1884) 

C.i I -> Jl J-SJ ^jj-^. ij n mi <(j in ~< J-J-o La j J J n "i o_) p l J it il (j_o <_cl -> 

iJ mi" (SJJJ "^ Jl ' JJ)** *'l ^ (j^ Cjlj i^LijJI ^jJI CjLc j n n II 

<E. Zermelo (1953-1871) jh^^j JaS t> iJUl j ji»JI J!iLL <jjkJI 

jJ^'j iL^ij csjLcj l>j^1 ^UJI «A. Frankel (1965-1891) J^ljj ^Jdjij 

< ^aj > i ii <"i ^j-S jjJLiL^ ^ a -il Lo Ij-Aj^ I (| jl iii *i[ A i 4 i'Sj tCjLc^ o n II dil i i^-il -> l 



■& v 1 — J > ^, ., , , - t , . • . 



.ZermeloFraenkel theory J&l _>i _ ^L* jjj jju? 



.<\ .^LL extension ^ jo i<> <1 i_sjj*iJI 11a JjuaJ j .otcjo-v oil 
<j_^aUJ| ID .extended collection 

it J a a "II j i «al * f ^ n n II (j-o jjl > <j| !CjLc jn-! o II <jjjaj LoLcu 

'O '"">} ** r J a ? Q-j-La < JlloJI J_i \ hi ^^ic j .(.la.lj (jJJ J^'j) ^JJ^I «LLLLa ,_jJ 
lj£-aJ ^ua. <{«-3jJ <Sj "> <(jiaia} <LCj n 7> n I I (j^ii {jTjJ^- n** « 

i5_jjJI £-a £j^a- j l^JI £_a o j t^jnS nil £^ <LijLa.1 4 I il i n ^jl 

.(7-10 jLaJi) 

4_j_toLa. ui CjI ' iALijJI ^Loul L^_j| f J" Ci M ^ lj| t'l l,'^ Qj^-J (jl '■ ' > ' 

** ** J a a a ^ U^i ''l^JJ^ ' ' " ' O ' " ~* } J? " ? " ^ f^*^ ^J" a ' ■*! I ttJ» . \ i J n~\ II 

jnf jn^i nit iij^ajl 




j-i^llxll ^ t n-^ ^ i ^ j lj| (5^^-! 4^. a. ^ t _j*iij fL_iVI <£jA-h »l ^jj^j .7-10 J&uJI 

I *■_»■» 1 1 IjI L>1 <J^ij j»> -> (^lUij ^ n II (j-kjL^J ,^1 ^ -~ -ii 

(^J^ nil yli (SjjlkJI 



:4jJLjJI i2jlj->J-aill LfljL <JJLAjJaJI JjfcVI *-SJ>*J £JJ-S lISj 
j-lC c-LlJuI <LfiJJ)_aJI <£. j n-» n II > ~> (J ' ■ < *' L^_]» :<Li-LoL^JI JjJ n" jk_Lul jJk 0 

. ^<Glj £-a JjjUauj S'jj-ii (j-a La <^ jUILi^ 

.«0 <Cjn-^ nil ■> ■> ^. <^ij L^J» i p LaJI JjJ n"i j»_iul jjfc 1 

(j-o n -ll <_c.j) n -» o II p ~» -> (jii i 'i L4J)) '.4 1 u-il -> II ,\ \ t \ n" f ml ^a_A 2 

.1 j 0 (j '**"*J »a a II 

^jJIjjJI ^j-lx. ^-Sj-XJ Lc jay L$_iLj <jl.A£.?>U i_SljjJl1JI LiflJ j*L$_ll j 0 U n II .1 j^-Aj 
< ^ U '1 n II ,-■!->. I U ,^ j « » " . . ■ ■ <j| I " ' <l (j *i o j i ijil ■*■ ! f j taj 

jl n"lf I £S->J-8 j (j U n II Ij-A J-a-^- .((^&J» J «&ljl mo )) J ~ > )) 

aj*s ^ II 4>j-4 (j^J <l "^j~> »o oJ^-> <(jU'< oil <j-&> cJ\ iALj^JI (jj^J (jl 
J^je gd>* (O^ 6-° j.' dJjj <1902 j^Lc. <u^>j-a <j£» 

» I - I <Lj J ■■■VI (^jJl jUI ♦ j k. , II < l.oj <JJ^ (j-^iiJI J La o II j-illl (jJI 

.^i^h J£ <ui ^ ^jJI <Grund-gesetze der Arithmetik v l II 

^JJ I .a j . . J_luIj jjl^J^j ^Jjs 5jJ(j iti <JLluj |> I 1 1 U < JJ- v Ll i QjjAaJI lj_A jjlt 

ia.j^J| jk^ III g_>ji ui_uaj jij .inconsistecy jJ ^.j-xj ^ ...">_< <d/>r <j1 

Jxulj <JLluj Ljji £ii ^l 

J-S < I fi r ^jJlj (^jJI (JuLluVI JjI (_J^>J <j1 '^^^JLc <JjLLj Lo c-j « «~>1 (j-o 

■ <l« tUnll JLlujL |»Js1 Cu^ Ledit ili I j-A j ij_uilj 

V» «i j "-iK I I jjXbj iJLui* $ ^fj^ (j-li (1970-1872) J-lJj ^jl>i^j 



.tJJj^ <_coii jZc\ ^jjJI ^4 jklalLj jJUJI ^1 (jJI jJjii (10) 
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(jj j ir-»'lf ^jfc ((5 >j a 0 jlisl)) <-fiJj- a 4-fcJ> <v^» ft <jl i^lla .L^-jljj j i <->! *l r 

Cul£ Ijl I nf J-^"lj JL-^J .4 Q mm I it jn~\ n II <jV Lfjlj <j-o Ij i>i*t<* Ci mil 

<l$J5lj j^l QflTil IjLi .Lfjlj ^ ft~">" 'Lfjljj ^1 ^ ft"l" V j> j ftU ft <X. J n-> ft 

«L^5lj ^1 (^y-ollS (j^i fJ IjLj .L^lj <_j.ll j^ttiij V ^l <^ jft->"l l £jj <> 
<l$jlj jjJ^ cjft'tM Ijli <4 i^^Lkj .Lfjlj ^1 ^ ft">'i"< (_ylll <£. j,ftT>, a,II £ jj <_>* LfjLi 
oSj Lf3lj ^1 l^-ili -Lplj |J IjJ 'U^'j tpi c*-^ ^ U^M 

(_i J_uil j .paradox Sjla~» jl .contradiction j , > ^>3 l » ^ ^ 

(■/^ ) (J^** '■" (_j.ll Cll ftl iMftll <_>* 4 1 'J m Ojl Ijl <UI jJk 6jJ-> ft 1 Jjlj "II ^jVI 

jkLklll ^ (_jjLcjJI <«_<«> j^j^j j ^U'lftll iiA ^0 <Gli contradiction 

4 ') ft j-J-a (jLa '«* toil *'" a £->j-S i^SjjLjLI Cxjl^ Ijl IjJ ^^UaoJI dLljJ oLl-Aj-J-o 
6 jjk ,j-o I (j ^ I 'l't'i m l 1^-^ t(t ^ i n\a Jit 7I» «1=2» ^1 l^ii J_>^ 

jyj. Lf-JJ^ 1 J-uj1 CijLS <i_jl 111 II |> I* I I ml ml I_4jLa1cLi <4jl ft 1 111 n (jLi A jj 

\Ufln 



5* g 5* 

(j 1 1 < i j I ft"i^ n (jl^j <ol 1 ii-iLijJI (jii iuL» I J-^. I ft"i(} ft (jl-u> 4jL_ i gjl^ 

<4^J a j-6j . ^ l-i 1 ft I I ^ic J^J-* CJJ-^" ' — ' ' "jl l-fjl CjLij| <JjLa_aj ia.jjJI 

,j! (jipii! .Ju,j£.j q j p <«,jLi ...ljl» J ^ ,i ■> j <«V» "* <P (PQ) <l*>i-i>JLj la^i (H) 

J in i II SocLSJn LLij <->_!-. i«i p ojL^ LJ .pi J,m II ^> I ^ «I*K jl ~ *•'■* ■■■* p j p j^u^cjJI 
<4->j-> .<i p .ciilS LlJ <j5>il£ .pq jl JiA^jjJI jj> ^"iTi ni'i jtj U,<»n ni'i jt IVi^nji ((detachment 

jC^JI OjI^ y ?^_i-t in q jl .q ^I'i'i* ml j lUjIin ml I'l'i^njj (LuIj J uajJI 6JclU LSij 



<1903 jiU .oU-^»LjJI <i uila logicist school ?jiU\ oil i^ijxJI ^ki 
<The Principles of Mathematics .Ab^JI ^jLa-o <iJj-» j-J^ J-^b 

j,UJI ^Jl iJLu.j <ull£J Lili LciL Li A. N. Whitehead (1947-1861) 
_>S£i £jj-<i-o (j-s o^>>" jS 3 >Hj -A treatise on universal algebra 

^ 9 ^ 

1910 jitj-tVI (^J Principia mathematica <j_uiLjJI ^>L»JI ^jL^ 

jd tdlj (3^J H mjij II ^ oia-o jlj-"4 <liJI CuL^ ji j .1913 j 1912 j 

< .ua«"H lift (jfc 8-10 j£-iJI (jfJJJ ?£J>* ^jLu Ifl lo»" "il ^jlll viilj ^ 

.1 + 1 =2 J ^jlfc ■'jd'j ljj J-^' j u'-*-* 3*3 

K»S426. 3 I-:. «-•'*•£-<'!,. 3: «oj8f2. = .* + y. 
[•81-281] E.l'«nl'y-A. 
[•1312] e.and-A (1> 

K.(1).«1111M.3 

^.(ac.y^xt'a.P-l'lf.a^ujS.! .s.«nfl»A (!) 
K(2).«llM.»«21.3l-.Prop 

2=1+1 ^1 f^jl .nt II ^j-a^JI OBjjJU dAJ ttfj£.^\\ toJJb jjlt eJJJJJ 

.UOfttt H.1+.1-S 

^Li^JI l-.«110-6»I. •101*128. 3 

Kl+.l-f|(gy).,.f.f-«< S r«l| 
[«M*1 -S.3K.Prop 

J5VI iJ \c Cil^o iMS <ll«j nm L$j[ .LLaJ Sjjis <SjLJI (^jtJI <j\ 
* 120.123.472 *133.66 ^ 
♦117.3 ^ <ioxLu^ 110.72,* j 110.72.* J oL£> i.jlka 110.7.71* 



principia mathematica ^ jjj Li 2 = 1+1 jjl ^ o^-^ ^jj-^ -8-10 JiiJI 



j't-mj tiua <theory of types IsLajVI ^ J-^b -£^>* J- 0 ^ 

j ifil *>f ^ j" *- " (jl 4X.J) <l ^ o (_£ V ^j*S n I O J <(( l-io'p) Cite, j) o ^> n II j i 'if 
^jLciJIj <0 La-a-jJI j^-A 5 Jj 8 J n II oLijiij^ II jLi li£_4j .JaJLi <Ji1 kni 

.l*^- j>J-*J <1 l a^U I 5jj j'l ni l Citi /i/sH dJj oLfcj) <ii*JLaJI 

:<_JLUI j ,Vt,JI ^. jjK'. VI oLaJUl j>a <j_£-°-" (5J^^' j <Berry's paradox 
J j j . < .«the least integer not definable in fewer than eleven words» 
^ <AJ>a isj*-^ iLlaJI ^ ^i>vj <.Lj-£JI Ij-A Jia-j ^111 «integer» _ll JJj 

4 I ■» i,ti n II < .jU.". II Lfcl a in! IsLajVI <Cj U 'i ,1 <l » J i «~i j J <"i n j-JlCj <X.j hi" n ^Lj_^Llj 

|j_4 (_^. jJUl J l !([_.; ^ aJLJ ramified theory of types LL^^U 

4-jj)*'J^ II ku ^^Jt. V CiLla3>iLo O-adi <<Lv* in" oil <j^iajj| ^yi j -LuaJ? ^jTi hi nil 

e-^jL-a tlillS ^jlj Ijjk .<_> oi^c (£.111 i_ijJ_ujVI (_y.lt I iAjT Jj <Jtt»5i (_)*jjjJI 

.LLj!>U 1* .Wo II ^L^UI ^ ^ l^LJ ^^kJI 

^ LLaj^U <)» im~i«II <j^JijJI (jl jJb L\jdJ jJ j3 4£ jJI ^1 ' t~ '.VI j5 
(_>^i (j' cl>. L "' <iilJj (_>-" ^^>- t "^ L^_j1 <t_ljjLaJI <_ual_aJI n a-a II Jj-a U 1 1 

J)-oJ <6J-A « .A II JaLlj ^^Jx i_j 1 1 "t I lj .4 j lull II jljX.VI (j^a <"\n j ■ JJX. 

axiom of <jLjjUJI < <J ,,, a g^aJI I ^ ^ 'j-* (^-11 » <j ^ u! c:jjj 11 

oliLuaVI adA jU-uj <1^luVIj .<jLp^UI ^Luijj <j^j3 .infinity 
(jJI LAjI i il jjl ^ tjjol iii <j3jjJLj jI^cVI eijjo ^ <j1 jjfc (i^cJ^JI 
djl...,i <lkiJI <axiom of reducibility JlJlkVI <_JjU i^Lw LiaJI 11a 4^4. 



■ijtii nil jj^> » ci i ii 1 1 cil 1 1 Alj^JI 

J) < in CjLc «ll ij^Jij j Tn'i Lli^i*N i"i n J j ^4 I I a ual j ^ j i rrsT Lo 

I ') I iS*>J-i jjl 4 K in n II i_i {j \ ft t jl^ Lajjij .Cj\ \ iALj^JJ mt^ I (| />«>«"» 

Lo j)(j 4 n <£. jn-^i n 11 J^-S .Sjj n->j 4 U i m t jAjj CiLc jn^i ftIL 1».T> <jj-4 ^jji. j K ni n 
SjiiJI ^J-ll (jA* J j_>J JJ8j SCjIj iALjjJI 4 1 n" *•> * (jl £y& 

^LcjL ,/-.*ij J-^lj £5^-" ^J^' u"^ tr* 'dtfj "«»l l u>^H 

6j_4 .axiom of choice J - " a V 1 < a I ■■• ~ & k dlj jlj <l a p 1M ..■ n £_e <uj 

la i^kaJL 4 a I « " " II) 4 ■■■ *l a II (j^J-JJl 4 * I •■■ aJ ^tUj oil jjhill ^ < ft I hi n II 
LjJu uo jL^ujI j .^LalaVI (j^ Ida. Ijf^ Ijj5 CtJila jij <(9 J i^ill <<jjljlJI 

j-'j'N" i>l*X a 1 C < ■*■! C j a a "II £yi 4 .1 in I in clijJ jlfi 13L-S :L«_jJj ^1 n jJ-lj 

^jJLJI ill" I i n ^yJI 4 j i\ i <Lc jA^i j_a I j i /i "i r ijljl _>1 ~>L <x. j n^n 

j^J-« (_j-a (jj^j Ladlt 4jLjJaJI ftil^-J dJj Jjtij (j^a-j .tdSj-tuj j-o Lj I n -\ " 

(jl jj-S jrLa^j jjl 4 ft i ^j-0 (5_>J -aLSj) uji iLj^litl La <Lfcj) n o jX. jjj '(j j) "'" 1 1 



S CjIcj; n ^ n II (j-»J^-» U^- 1 1 ^l"'">J ^'^^yl lii* 
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J tilaJlJ 4iijJa JijJ V La_lj <j| i_> lint <4 i()"*tft j_LC CjLc j) ft ^ ft (_j-S t t I ft II *> 
^ 1 Aj J j -v ft \ ^ J-S-i <jl I 't 'i*S ft J ( CjLc. J ft •> a II j-a 4 "1 \ ft JJX. JL^ ( _ f -i-S -j Im a VI 
^yi LiLo j h Ii 'i I t j^J .(jj Tn't 4_ajL5 ^-a-a-J (j^-j _ L&jLLa_j j^j-lJI j i ^ l 'n 1 1 JjJ^a. 
t5>aJi L*lAa.l <CjLc. j n n I I 

.l^a. a-Lt j (2 j 1 (jj-i jldcVI 4 til "til (_g j ' j <1 j 0 jjjJ i«1^t ft II 4_ii±LaJI 

i . , * - ' - , 

''I I" j^a j^ ^ i X Ji£ jl i'i^L Sit >J ^ 4-fcj n -\ n j-Jjiii jVI jj 8 '1 mi 

4_ojL5 ^yJ j i«-il '{ » II j-o aLjj" -J La ^ i«aj I ''''^ a 1 V ilLaJl e- j ml .CjLfcj n ^, n II 

<6ticlii j i^lji II >«.!-«■" I *■ *'*^ - ■ V 4j| jio .^Lj La-a 4~*. a JJC J jji. j ■_■ ' ■ 

j I * ' " I *»< - ■ V it j ft ft I 'i l*s iti ji (jj^-* 1^-1 -L»jI j ' * f ■ LaLi j">,^I LliV 

l^jh LaS jLlkVI 4 ft I in ft ■ a'."<~ ^^llj ,^,|| Uj in nl Lj jjLa VLto J-^"lj J Jjl 



jLxLkL CojLk ^y>\ oJa j <^_>jljaJI r'ljjl (j-o <Ho jji: J-=».j <_£dJ 

jjii <i»jJo -v j ^ JjlI g^j) iAjaII 4 » tl "in ^ jliJI ^ i U"> 1 1 1 1 "if .1 (j *i n jj (j-o 

(jj) i iAiLijJI jl"-- » La SjLcj <jLul2n.VI 4 fil inn aLaJj J "l >,, a.fll ja <Uj 

<4 n I iii n Jl I () Lj n") ^^JLlI Ci^l *S mi n II (jj-Lt l ■» "j <<-oL»_lJI 4_Lijiaj (jjij i<-i"tj 

V (jjj-JI < e-Lj.J>j_flJI f-Loic ^-J o-^ jJk lj-4j .LfcjS jl LcjJo |> (j 1 n r (jJJ iLxJJ 

LoAlc <SVLvaV jl <LI (j'l ml (] il"^ <jj,>f-> <<J^jiuo <Loj <jl |t j nh* o i—SjJLj 

(jjijA-i (jjjJI (jjj-ciLj.il ilJLlA -j»-$J £jj£j j»J <4 K i 7i aJ I ^jJI j> (j ft Lvlil i— >a^-J 
f^-jj --Jali jM-a£ * \ U \ * (jl-AjJ jLlAVI < n I ..in (j jln» 2 uo j 4 K m n II 

< l> o V' L^j ^ fl""l "i o (jjj iLjj JjJa (S lc JjlaJI ,j-S <3 ~> 

( jj ui-aj V (j-*UI ' .ALjjJI (jj niOall tlllia tljjjklj .«UjjXa (jj^J La LJLc. I ^ -> 
■ ^ jjX. Ig-JI ji" iii i <jL4 jj (JS (jl (jjj-ij ii ljii jl >_ )Jj5 (jus 4 nl . ii n il 



LoJ <(jjj-%l ■» II (jA-JUJ ^ f , J i La^ <(jli\ n II (jj> Lij_uo LtjJ Cil > iAiLijJI (j^J j»J Ijl 

^1 (^1 aJjaJI llilc. <(j^o-e (_jiL.il (jj^o ^-Ij-^" niV j ? 4_o!l5j ^ jJI (^iLiVI jjjS^JI 
(jj^-i ji ^Jdl <j_it (jjallll (j_>UI (j-s l_>jjLi j L i n r. <i_uj^LaJI jlSlj <^jj-uJI j-jL^ 
<i.iJLLa . (12) l. Kant (1804-1724) i^L^ Je^L^I >a ^,r,lT,<: „.l ,.i 

^Afl <<Uj^JLll J ja^. (jji J n i .. j ^^111 <Ui ml jll <ija_aj| j t'UAjjjil'ljflll <jji nJJ 

j_>iJI <1781 ^U. kritik der reinen vernunft «ll j^iJI aii <uL^ (ji L^. 
4j <it II .analytic m^iIjU'iII)) LLaUI j synthetic " ; ;;j< >Lll» LLaUI ^ 

jj^iiJI <k^ul jj JaII (j-o ^>^aJI ^lj->" ml Lj-ii (jiaJ ^jlll tilt (_,-* ^LJjiaJllI 

,(j|jillJli) L^-j^j Jj^i j^jj^j^ e;-^-! «Scotya Lp^^, ^ i^ti (12) 



fjJt jj^aJI ^Ijjf n -yv 4 j iAS II (j_a L&£ <Sjj.Xa. «Lijji_a J a 'i " ^ (j^J j 

I j j o"r I ^jjjJI t^j^j i ti « II (j.^SJI tjjljl jni i iVjJI 4 a Lu^LaJJ Lii jj .«c>l jj 
jjjjLx j^yic U a a 4 il il-^*ill 4 i .A? II <LLxl^ jjLi .A jt j IU n II I j_a 

.L$J » iA-n" ^^ill 4jjJlUI Ofcl jUI ( _ J lt j t <j_,AiJ| 6JJ» Lj-Le (jj^j (_yJ.ll ol n K II 
^j^j^JI ^jla_a >iiJI Lfcii V ^1 dh iiJJ^jlJI 4 _i ,, All l jjU 

f t j i _jJJI g-lj n -n J Jj.J-11 ^'"^ t^ -1 -! <j' £(((j^yUI j JjjJI)) 4 j iA 4 II j^-J La£ 

LiLiAJsJI (^-o J-*-^ (jlj-A * ' j .aJ iijjL-o J a 'i" LI .A a II 6 ift J5-a j 

t<jj^" II (j-o M i" hi /> <i a j a a II j» JJ '»"' >1)J^_' Ladle 3 pHOri 4j ^I'i'i" ml LLuaJj 

4 .j-^'H (jjc ^jc^JI i^-Lo l _i3ji; Looat <a posteriori <JV,ri ,,J LLAi j 
<-ijj«-Q (jx. j it" t<j ij'njJLII 4_>^I"i'i"i hiVI LjI i A a II (jl JojL^ (jAjJiil 

«Lii ■■■I °H CjVjI m" 1 1 ola-ia uaJI i_sljJoVI ^ <<->^»JiJ1 <jx. 4li"t ma <j£J <6JjJ^. 
4 Q a j <LoJfc AjiUJI <(jLojJI j (jK n II— t (jlai" CiLusIjjlsI LLA-sJI 6 jjo j^LuaH j 

.LxJjLojt La 4 a_ijJ-> I I n (j 'CI jjl ^ *i m (jjjJJI j <<LU1 m-aj I (jl » i A -> J V (6jJaJ 

4jhjjU1I jld£.VI CjL_uoLkj 4jJai3)M 4 mdlj II Cjhi"« a <jLfl <.kjl^ ^l 4 i iii'iILj 
£ (jja CiLk-uaLtjJI C»l *■ &j 1 a (jl (_£^-> J • 4_>2\j-a 4 i -> I " i*i i ul LI irii (^Ja 
— IL , ^ \Xa 4 " i a « II I .^1 *C . La ^uojj (^jLajJI j (jl^oll Cilj n~il •*> I 

.dljjVI ^ LuJLuilj (^.'UIL <4laju luj 

,-■1 . . X\ ij \\ a a ...la J^kj <^JLxi) 4 ~> . Alj^j 5 j i til i n <j&j-a 4 i-sl"i "v~ ml CjLi-uaLa. 

(^Ij>1 (j-^oLjJI 4Jo_uil intuitionism <Ll m,* ^ II j»-^Lj t-fl^Jui (^ill 

^ jjt (^j-AL^ll II^j .L.E. Jan Brouwer (1966-1881) jjI^j jjU. ^^^1 
1907 Lj-ali ^ sljj^JI iJLujj idJjj .topology La^^JaJI ^ .....uj^ 

4 luJ 'nj II (jl (jJI i_i ftj" ^^J-ll 'iajL^ Sjii jjl^j Aij Si j .^ljj"> in A 4 ■» nl -> 
<4 in nl -> II \ I il 4 n I in ft (jLi dlljjVI a Ct »*»") 4 a i a^> 6 JJt j <4-ij 4 ■ — I " '•*■ 

I j *<* 4 ■ Al au inVI (j^> n n II (j-aJ l tSJ^^ £iS^ CjI " I ' ii n II £-a 4 ^ ~- mLa Ljj_a^ 
^'llj lj-*J -(9 J i<~i4ll LVjIj La^j (j Ail (j_9 J^^ijJI (^jj jjLI Cil n I iii o i 



d^j-v <jJjJIVI 4* -■■'*■(! II (jl 4_i«csl_ > lsl I .'t U A. ft (jl^ (jl JaS jjI^j (jl 

■ (jLojJIj (jl^ttil 1 8 ^.JJlI Lj-j1 <->j-%"ill C'*' ' t <JjJj pi i iiiTi ft 4_oj (j}? tSj^j iAIL 

(jc J-> s _>S!i -.1 . . A.1 (j| jjljj j ".r I . Uat 4 ill's ftll 4j£jaII |_J*S im'i I Q *t*S I '(jLojJIj 

Ua. mo ^> Jjll^ 4j»JtUII jljfcVI (jl ifcliJI SjSUI ^Aij <t >jiJ liifcj 
J^JI ^-llLo LfLo J£J l'tn(| <l C»5jjJI J i%.jll (jlj ((^IjjJI u^e. Cilj^ilSJI ^j-a 

J^Sj ij^kjJL jj^Jj (jl^ ^ :<i ^ 6-° cr'i Jj'^ lA .Uj jjft"! 

J>L*JI olli Lij <S^j Pjj-ii. £V <jt Jf* ft*-^ ^ ul 

^JT. ^Jb 6^4 jJalll 4 (j -SJ jjl jJI I 'liar jJh IjXuo-a <(_£jA.VI 

4 « jlj aJ jkj^J V (jl i^jJjVI SjJajJI (j* <J>iJf J <<U_ujJjaJI jl u->'i l SjJL=^ 

■(j^-V Ci5 J (ji dJjj <Laj^t m Lfl 4.1 j i<~i ,_jJI Jjt-i'tt m t _ f jj^J) j ft '.ill 

I - .-^ j <gj . .Lll j|jx.SU (jl^ iijLUI j Ui 'i II 4-$^. j «L mj~> IL (j_oj_<JI XaaJUjj 
(j-a J_l j_o_i I jl a*l a » j \ \K ■'• ■■■ i I ^ (j » -L$-» lj '"'I ' 0 I iilV^ LjJ jLjJ <l— ooLi. 
I \\\ ml <t U«vM « 1'ijlf. < ( ^<J - tt*» -J^C |». ^yjl J-uaj <j| jjl>J C5Jf J -** — <-"l_>jJl 
La5j jllaj ^jtj <L$J l\~> 1 110 1 ^j-ojJI i_jljjjjJI 4*s oLj j'n'CI I JjJJ 

<| , ■» i 1 U II j|jX.VI (jt a j_A j h *>.ll ^ Q^ljjl <J J-n^j ) 6j^> 

LAjLIcI ■ --^ 1 ( ^ jt\ -\ ,11 JiLo <? I >l m-t II Ciljl nt II (jLi (Jj-oJLj . ^ \ tt II Lilol iti'J jLfiil 

<2+3 = 1 +4 51 oLjj^U * j .Liuj jjj Jik.lj <5>^j (^1 <jiS*JI oLLuJJ ULuajt 

<3 ( _ J J[ 2 iiLuol <L (j-Lt n*C^ II I 'ij I n B :pl nQ nil jj-a <-C jny A\ fl '1" I I r 

^j^jjull Ijjt ^j-e IjJ-S 1 A~~ V <<l 1 niJ-> 1 1 4 't H o <L=kXj_a ^jLlj <Laj 

.^j-lu^JI (jklaJI jJk ^i. ^jn i^ jjjj L^iV Lffll SjLiVI l-i^J (jU ^ j oil 

UIaZ Jl LL^XII j-* l^i J^U^ ^1 iJUJL 

3 I » " 1 (j l5f JaLiij L^_i t-i V ^_yJ-H ' ol-^ J ' II (j-* 4 i ([ J i ft II j-i-C qLc. j) n o 11— > 

(JLUI J ) I in .<J_$_l!iLll ^-o Sj nil t n ijj^aJiJ Jj-a>J V <jl liili ^L^IjjLj 
jr» m ijJI (j^jLs (jljj-a-j 4 "1 I I a n ^j-i <( j U *> n I I aJ ft r l 



j>ij <J Lil <_> II j[ <U^-Lj .law of the excluded middle Lf l^ m nJI 

jl <aja LfjjS _>J^>ij j£-°-> V <j| jl !(}"-> (_f-^ O^J^i "Lt-uaS „W JjS 

IjI VI jl ,o Lpl J^SJI ^jU'w,,-, V ^UJI llK .tiLU. 

<_>u-J "Lit JjJLlI j! ijJ Ij-A £-5Ll^ (1)1 " ~> ■""> tfJ-t jl-Aj_JI 

^ . (5^£-jJI dli jl J>5JI p^I^j V <<1LLL L (jjcJ j! i^. 

jj-s j^-LII plj n ~> cj "ill j^j^. j a -\ ^jli i LlJ^i jl j^^-j j-i Lilt j.iA 
u-i jl f^j-aLij tol^JI j-o lS J~ a J (3> * ' ^ 

jj-ij^a .4 ~s i"i*t II (j^fljj \ ~> IL> j*a_^oJI j^J < j>l-ll ^ J ""> ^jjj_L>aJI 

j*S n i V JjjJ-lj-aJI ^y-S nlj a a Ci in > I S_>^ Jj^j-j J) f J II 4 jl <U ujj ~> II 

^j-S a 'i"> J j -\ ") i ii j J-a-C lift j .(Jjil-uaJI CjljiJI n -\ jj-ij VI I (j "I mI 

J i *» "> hi <\ II j-o <GI (_j.fi ^ .A jjl Id^J (^j-^l 4 a tTt dlLjjt j ■ j n j-lc <£. j n > n 

reductio and ^j-aJA u Ai'< <Ijj-1=> I m j ilLLk 4 Lj » n i_i_uaJ jl oLJil 
Lojij .(jAJbUj (jJI ts J Je jl te^LL (^jxaJI ^^Jj jl 6^-^ absurdumm 

L$J ^pjJI dJj jj-A <J j ft II aJ_i-^ ^jJI LI 10 til jli ni,\-> II ^Jjjjij ^U"j 

,-,ijU-^ 11 j^ <m« jj£. UJ 4 -^ 1 A il j jjjit^j 



o^>Jl «Ot ^jJI .D. Hilbert (1943-1862) .uijj jt^ 

jj-fl iiajL^ J-J-o ijJj .Ij_J»Lj j-jj mi t II jj-5JI ^ t iALjj *' II iJjLi-o j 

.^LjjJjX. I ua >l illLxA jjj 10 nil J-iJ-S j-oj) Li '" Jj-> 3-^ J ^' CT* ^J.' '"' 

" $ 
I ^ 1 8 O j) "1 1 n j_iX. JJil in o Utj 1" t* I Lo t _ r aj-C (J( -S ^j^-il -> j ^ "i mi ! jJ5 j 

CiijJI d-lj j-i-oj ■ jjj > mh JI jj-UI <jIiAj J < jj-5JI ult'io ^j-S oLx-ualjjJI 

JJil 111 njl dllj CM>di J-S j .Lj-LaJ <-Ld j-aJI j> ^"l -\\ fl'S j ^ j jlfclj-ua jj_i /ALjJI 

(j-s j .1900 fix. o^jjLj ^ jar. ^aJI ol _> i^Ljj-LI ^LUI ^jjJ j-*J1j-<JI 

.p p^ili V ~(~ P ) 6 l tf 1 (13) 



< Jjl 111 o II aj-A j uu *' I Cjj J I ft J-a-C- J^-^J -(J-^ nirt j mf (j^ajjt cJLj-A <jj n"il -*» ft 

CjLc J »~ * Jjl '■■ a II 6 j_4 j\ )" r I J i a a a II (j-aj 'tj-'J imTj i^lj ^Jl l-AJJ-C £_4jjI 

' ** * * 

Ji <Jij; LojAt J( jj1<- . k-i^-j <Gl .Lj-U. c^aJI £\>lll o-° u>^ 0^1 

<Jl inn.ll CiLa. (^Ul dJj (j^> ^-^jl J^?-" LT^ Ul in") 

JjL3 jjX. j^-SM I j ■ At I tj\ tjlc (j^^jj f Jjl i n n I I a j_4 j Ai j cJ -*■ jJLl 

<jl CjjjJ-A J-3j •! fl l~> I (^ijJ ""'"'J OJJ! ""-^J-H J'j'- 0 (J^l 11 1 " Jj^J f J -> 1 1 

^jJI Jj-i-o jJI ^ nj I jl L> (J i£. f^*>* II i_,i» i«*»JJ '^JLj OlAxlj j* . i n"> JjL^aJI jA> i 

^ftjhtll J^U^JI ^a^I c^L^ /illoi .^>LVI JSL^JI J^U Jl« l«J J^ 

^j" J lLSI J-*-S LaJiLa <*< 1 nljj <ti_}jj_o (jii ml ^ If, I j ■» 1 A" pLl j * fl 1 1 CjLaJ-mj ^Wtfi 

** 

j I " H <JI 1 1 ij ** ■■• -"'J II (_£j^,t I -t ^.".j 'I * <jjS £^l_L.a l»**-£j t*G mjj ft ^9 

Ijji .Grundlagen der Geometrie ixudifJI ,,^1 Jj 1 *^ 1899 f 1 * ^ 
^ix. La jj in i' ^< theory of everything ((^(j-i J£ l^jikiy, ^lj 

p — • * < Jtj a II J * * j u ^Lc^ <i . il ^ '"^ 4 I ^ j i ■ m a * i ***** «J . ^1 X. c \ D j qj ^ u ft Jjl i ii nil 

V <Li1 jjli* ^1) continuum Jl .^"Vl ^ jji^l^ <j -A ^5 j,U JjL^JI aIa 

•* ^ 

^jjLLoJJ *?'*_*« > function <JIj «UjLSJI ^Lajj «Tj -Ajij ^(1 (•_■!<- ^.L* ^Jl t^ioj 
^4ji-> II ■> infill *^_ifill J^o <Glo jji. boc Z jAlj Lajlc j4 ir~.ll (_gjl in" Z II 
I (j J& I <<LoLa jj£ SjjjLVI «Lll i ii nil jJjj uli .(9-10 J^AJI) 1/2 ^jL^ l^La JU 

* * - 

«Ut in Jl 6jjs cJljLa .*uJjVI jlj£.VI «Lu*l jj <JJL <j^_aL ^t-*^" ^J5l jJI 
i _ jr *j .cjI i u-iLijJI ^ljl-> "II j if JjI in o II n ftl ,.w I jtl (j-Aj ^ ^ I ** " j *■* 

i r~l I t jjJI <<LuljJI *»GJ1 ■'•"J .Cjj ll(] I (JJl)J imp ^Jl ■ ■ ■ ■ ■ ' Jj^ V i "■ fl j) 

i— i iiij I i— il in ~> )l |fJx. cj! n I iii o ^1 oLajI ^jjk <l 1 1 iii I (• I j Godel Jjj^i. L^J 
^Entscheidungsproblem J>LII <JU^a si a lu-JI Sj_iL»JI <oJ mnj * ? .^«r.-.. 



...... ........ ,. 



1 



<LUJ! ^IflA (jl i_ijjJLjJI -9-10 (J3u£lI) 

i^jSc j at x iua. <1 + 1/2 2 +1/3 2 +1/4 2 +... = 0 

6 - - ii 

f .iJU J£ ^ 1/2 tfjL^; Z JjUil 0 «..->H 

i 

i. - - 

jj-i^j A. Turing 

4_i K A. II - I (j j 1 r J-LU cjIj .ALj-LI «La ... U o j t > I ft I .A J j < " 4 
^^kVLj Luiljua.| cJ ».->l jjj LjdM-a Lfjl^j olj .AL^JI aij .formalism 

.<in n J-C.I ) I U" t j_a *'^*' -A>*s>^ ^ l (j ~l *i n II Cil '"'^H-ll (_gj)~>.."i LaJblj^J 

* ....... .. * * ' . 

.^'it nil Jj-o LoLoj 4jJLk Lfjil <4 ~> 3 i«-ill j^ic 5jJ-» n UaLaj ] j^ojJI ajjk J*s hi"ij 

CjI ft I m ft ^"i ->j .CjIj iAiLjJLj ULa. 4j'i» 'i La ^-4 LflJ ^'nn V ^jjJI JaLojVl 

(Lftljjuo ' a ~- CjLo^L*-I1 £y* ^ r Q « * ^j_ou Ci "i > I L^jLl <4 1 iALjjJI 1 nt-i'iVI 

Jxl^jj ' i U" d U , ,,l a .\ > \ Ja| aj|] oLfcj) n n H 6 jjk In \ '\"\ i hjj <4_i^^a i*i*i~> 

|^_, ( _ f _Luij ^^iJI jljJ^U j jnmnn U .'J "^ Lj>)I (jP ' * a I I \>H-iJ -6J>a-o 

<finitistic ixiLlo <BjjjjJI jje^'^?-" $ o^jlIa <^jjj .v-i^l ^b 11 ?- 

Sjj^jJI ^-A oLfc nil 4 jjb Jj-o ^jV ' jj^>jJI 4 _>()"'' n qLc jo-^ n Lfjl ^'m fii 

■ <ljO"*i n CjLxuoLj <JLaVI Cilj iALjJI :l fl" -> j^iaJlJIj I (j i .->~» fl t j^-oj ^^jJI 

5^liJI SpMJI 

jjjjJI ^j-o <X. j ft ^ n II ftJJi)) (Ji-o oUa^.^Lo "> " jjj-Aj i<l II Cil t i A LjjJI 

dill oLJ>l I1a» (jlj <«JjI^ U \U«\ J| Ly lt Jj3 oljI-iVI 

(jJc J-lail <lS n ft II iaLajVI LfiL l^jjlj CjIj .oLjJI jj-S j\<. k~\ II I'l'i's njj . Htf jC>il\ 



.iliiLaJI j_jJI Jjju Lgj| f (( ^'m n> » CjIjLiSi^/I (_j-Aj < J nnl i |>-^J (_y--ll 



j^ft ojjjJe •LuijjjJl ala (jJI oj^ 4 ^ uf^' oAf-^Wj -Platonic realism 

jj j»J Lo a (jjJ JisvJ La Jj-a.j jjlj fJJLsdl Cil t — «t 3 m l ^jJ Cj Ij iA Lj^JI 

ol Mi' lu n II Ji_o j! Jj-cSU j>=-j V <<j-teJI ^Lii. ^ <d]j ^La^-JI 

JLof. (j^L5 I |\ (j 9 <4-i_-__L__Jlj 4 iK i nil Jj^o (_JjJ JL__JI J-A Le__.J . Lijlj)" n II 

j--Aj A i i mo Sjj-^j-aJI CjliM-sJI _^J>_-^ jL^LiVI (jjj i^LjjJI <j-aij-ij Ij-A .<LjjlJIjJI 
j^l .fJUJI Ijj. <L^-fiJI j^M-olj JLe-cl. Je-^ <_^J-" I^t! Uj^J-Af 

|_o| <<| i 3 t 8 -. CjL-j'i >^> j»_^J jlj-C-VI J*i n"ij . t j-»j5"'.' 0 Ij) "' ' Ij <<LijiaJI j < iti'i's n 

<l»_fj ^ I * I < j -L-* a > ,' c?jLcJ lH-* jIj-^VI t^f-j iL5M_»JI 

■* ' ^ * ' ^ 

JjLo liLlj ^ 1 (| P> .^j i_i < j^-A CjI_>^JIj <CjLj-1!LoJIj -A a-j a" II Uj U X. II a 

£jJL^JI (j-o ^J-^ C^l (j j *^ LT^') ^ 1 'I "i -\ II ^1 i -\ II Jj[ ^Ji 'jj^ uaJI 
^jj^uaijj I fij .^iJLsljJI (j-a J^jj ^ If oLiuisG ^j-A ^dJj (j-* LojjJ 

u-Ls^a-cJ <La_ijjL.1l j> (j " lAjLaL-a ^__J <ji_Aj (<L>Xa_)_ui . ~» £yj a j " i u ■ a ([ *«l .L_J_La 
.L^J (2)J_aI^j j^j_L__ (J__j__j j_J jJ aj^a.^a ^l_L__ <Laj Jjl t jj j u « > 'Jj " •■-■'•«■ II 



(jLi iijj^ j j J) j in La^ j . S j i"il i ft I () " ■ II « a Jjl a* j tpl i ioLj^JI da ■ I a 

Ijl Lo <i_>J(_aJ 'l " jiSjjJo (jfi- '"' (_yJ.ll 'jlj-fiJI <$-luj> SL n . u i. a JI edit <]jLula 

.4jJJI illij Cil nl .nfl Jl ml luL» (jLij-iil <t-LLi ijj^J iili Sjjlj (£J£-J Ciil^ 

j» Jl C I Qj>JLa»1 »tjl t^aL»j (LujJLi ' -.1 j CjJsj ^j-S <<J1 m n II a j A J-aJ ^ J 1 a t 

alaU L jSl.1 yjjJI <A. Church (1995-1903) (ji^i: jjijJI ^>aVI jiaUl 

^■.■■j'tLa jjVl ^JLkjjJI (^-^.LjjJI ^LUIj <A, -calculus X yj i„ 
jVl 0 « ^1 «4_,«tv,tl i^^aJI <jT» ^£l,I ^111 .A.M.Turing (1954-1912) 
flj->U ii. (^liiLLa i>*ki ■ jliJJI ^l^j^kll ciil^j .Turing machine j-ijjj^ O 

^IjJjj (^lijij i£-t jil^lll jLf^i J- 6 - U-Jj-lS U-J J <C)lj-u=iLfjJI j <La^_a Oa. 

^ jJI A Jjl j-Loa II <ji J-a^j !->■>_* (3^-1 "-<_> ^.ilj^JJ i_S jJUl JfJoJI ^JLsJt £_o 

software varieties olj^ «jJI oLcj^ <^uLJ oLjUj; «J ^J-i^^ o_>£Lil 

ul jajl a lift I j m" 



£^*i <jL C^Ajii <Jf ill c>uliJI JLa^ f^La>f LT* C^f-Ap ^ 

# j ll ^ 

jj falgorithmic computation ^jJ^kJI Jl^^dl ^ 

^ code-breaking (s^ a A II) j^j-a _>iJI eLs ^ j^j^ J-a-t <jl-s 11 
, J : 1 ,„,t,'.L Ujjoj .a^LUl 4IJUJI ^ j^JI J!jLk J( jjiJ JLo^i .Bletchly Park 

(jix. jLsJI j^aJ <Lilj .(jAiLjJI ,j-a JVVI ^1 Jj\ ijLaa. a-j (j_e j <Zj fl ■» II cli ^ 
O JJ»jJ <J£.Lal^VI i-il^VI J (Jfjl ^iJI <ia.!ilj 1} j^Jj-iaJI (j>5JI 1 4 .o'lio IjlKjl 

i ' * i 

U<l ",_> ^1 a-Li^jUl (j-S >A>aJI ^Ij^JLuiV j-Ljj^ ^jJ.^ Ail 



<jajjia Cijl^ J^. jjJI V ((j^-^ mil J-aX. JUa Ll$-o <L$-il i*ij -\ > 

,j^o jL^. encapsulated (<! m^n) <iIi_o ^^ij^JJ <ia IU » ^ j^jj^ 

jxL IjJ o ^'sl <-*jj-a Lj^Lk ^1 ^ 111? < JjJ^ ^Lj , \~\ oj jj-ijj -^J^ 1 

<i -I II .*> »'« » I /I A j .V. . ^1 ^jjjSljJI ml ~> II (j^-aJ jj^JI ^^LS^Ij (jij^' L)- 0 Jji-o 

<_>uljj "'I 0 *' II < »1 J-^-ll t-il^J ^-J <4 U_> mjJI <-JJ-2».^l ^^-l-C. Cj I i-< -i liLo J i i i j j 

jj-S ,_j j"*^ > I XI (j£. ^lJ^Lo i_)J) I mLj l_l I 1 I 4 ") ~» n J.J <jl"^ II J 5pl_>iil 

e ^J LAjI (jl^JI (>j ,(10-1 0 JiuiJI) <I^JJI dil I^Lbu ^l ixi^JI 




LiU. ^1 j» tujj a jj>ll o-» J;^- -t>JJ-i u-« <jJj-« ■jr'iJJJ ^ J-<" -10-10 JiiiJI 

liij ]jH Uj Lj^-uoillj <>«._>JI SpI_>5 (jJc Sjjli <Jl tttij .(1 j 0) jlj-»^JI 4"^e 6^ 6^; 

jjj iJ^j^jjj t L j I U n dLlj (jl^ lj[ j-o_)JI Jf*J tT*J <<killl lilt jit <Ui tjjJI ^iiJ-lJI J_ui^ll 

Jj\\ iulilJI <JLJI 

Lllij JaUjj t^l-^laJI j-ti^)JI jf»JJ '0 ^1 1 j^ij LjjLi f <a^lllL)j ?1 l^>ilj ■fj^iJI LfjJ[ j_i ,tij 

(j^> lAj in 

A I ml i n "\fl'i" j_LjjjjJ 4 ' i j » n ill ,j[ .jl iimII (jJI j\ (j i n I II ^l SjJi.l J 4_iLk Jii j 



<«1» (jj^j LoJ_lc ia-ij-iiJI ( _j-ic- 1 Ooij Ijl <^Ij ofi <i uaLuj 

<_$4 (j-^bJ I » "\ ? Jff^J '0 (jJI i=Jj-£-ll ^jlc Jj^j^JI « 1 » I 0 a 

.0 J^. jj ji I a II I" .(jj nj II (_JI Si=>.l j S j-kji. d^-^'j <«2» ^,ua jJI 

ijLik. j -> "> > I 1 fijxt oj^-* *° * '0 Ij-Lij «2» ^_to_jJI (_>uljJI Loiiltj 
(jJI SojJ j d^aJLjj 0 jjJI 1 jlij <jLi <1 1^5 Ijl <j£J <jLujjJI (_JI Sa-J j 

<UVI Jl n" i ill .AjJ-Ic (j*^ » ' a <lj-l^a <auai (_ju1_)JI CiLiI *i ml Ci 'tl ^ Ijlj .(j > n >,ll 

(jjii oi oLl -^"i .i.l j _jU ^ U a II \j « .^»"> II (jl .oLI ..<-k II oitl (_fia. j-inJ 
CjL>I II I j i n i liat (jj n I A I ' I »b.a. 4*i >Ui ciLiI no II gjj^jj .lis. <t n i<-a 

LjjjJ Cjj&-> jjwilc < <j^-a-oJI ^jjjjj ciVI ^ ift^> ax. 1 *i '.I "\ A.* (jl (j^.j*a\1 .L^Lklj 

iZi n a I |j|j .Ij^. p I A j (t2 <t-] ^-sIj^-^Lj JjjjLj_^o (^-Lc "» J (j j ~> n 

.output ^3 ^ I *> j * ft bat 'i mi <oiS jJi tjf*-o joaj CiVSfl aoA 

11 <jLfj 42 jojJI ali <3 jojJL t-] 0 <JVI LLaJLl Ijl <!iLlaJ 

(j-o <iJj^> lIiIx jjaa a 0-a.jj Ofi <j£J -t-] o(30) = 42 .. <<La-iIill aj-A I'll j 

ijAj La^ <Ioj1 <jbi. (_JI J ma. II I j j « J ua-» V data (^IjUn cjIjLjj <JI 

<t22(17) = Q ..."<•« <4 II fcOA (j^ij-s I'llj .17 JOaJL t22 <-l^fl ^iij LaOit 

C»WI A- ■ a-a (_^a a a I <JLijis <Laj jjL^ I j| Lui (j^ -> jj-jjjj «l K A o CxjL^ j 
J| J naj ... tljl iu-> II (jl^ I j| La Jl (j-a^a-ill I OJi (j^s J^lajlJI J <l^"lljU» o j <jiail 

^jjjjjj <Ll| j < jjuj^jj j Lai mi <JI J^j-=k-J > j-~j"'°*'l f^-oLj^iJI lj^ J taYi I 

ao^J inputs iZi^lLoaJI iajj_iJ .^Jlj_j^iI <jT £\ ^LaJLl I q "i (jiaj 

(j^ bU^a jj-oljjjjl QJ^- 4 -^J . dl i U 1 <i II (^jIjJIj tjj-ob^jjl I n AJ -»1 <(jl a ml <JVI 
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* > t 

{ jA iSjjUl ^^Jx. <LLliJ (^IjJI (jJJ CjI ftjUl II jJ-uaJ ^^iJI jljX.VI (>o <£. J n? ft 

^ I c 1 j j i 4 <1 ^ ,A jJI <_jJ Ci *i < j im II ^^lc. 1 OJ-a-j Ijl :001 

^l S.i=Jj Sjki^ <4>=>^j <2 £-^>jJ1 ,^1 £-1^-IaJI c^-^j Jj^j <0 ^1 .Lj.hSJI 

.(jjftj II 

i^jJL U f Ju» Lf liu jii <010 jj£JI Ijl <JULij 

Ijl :010 

SjjaJj "LjLa. dj^Jj <0 (^l 1 _>lt jj^jx. <1 ci>3 Ijl (j£J fjLuiJI ^l Sj^Jj 

^LltuLuJI ^LlLa cjjij Ijl ...001010... Jlo laj^^iJI g-olj_>j jj-u ji 

<Zii\ IS^A. U.'^ (j-* ^ .tU j I ftl 111 II j_ijjjj <JI ^ n ni'i 111 .^->l"i"i ILj 

()" I ^_aLj_>jJI Vjl Ijij" <LLal uJl <Si\ ("jLfl (iaii CjI J U » n II 6J j 4 '< ft II ^jjjjj 
<10 g-aLi^jJI 1_>Sj LiiLi <t-|0 ol£La-o Ljjjl IjLi I j£jfc J .Cjljtit nil Ijl* - ^ <l jj m'*. 
Ijlj .Cil tti* n II > ' 5 jj ' jVl jkj «t-{0 Jj-» (J H 6jljX.y Cil ft I U" II <X-J o ft J-^J 
4 j I ft » II 6j^J 42 dil j^JI £-Sjjj LLiLs <3 JJjJI <j-a <-Llj-a Cil J U ■» ft II CijL£ 
jA (jj mj*' jjaj J ja. jaJI j-lujVI JJaJI Cij-t <tll(1 0,3) = 42 ■ .".<". j j~ t it, ft II 
■ Ci UU» n . 11 jA 0-a^VI JJaJIj <«Gl^ l-> n . l in't (^jJI j-j-JjJJ ill JdC. 

() ft_l jj-ljJJJ <JI J-S.^J <j1 (J^l J " 4 1 I 

ill 1 "i Ci-jL^ IjJ La «ol ili i n II (j-a 4-c.j) o o (<;fj <t23 J-J-a 'JJ "' I 

<< ifil -> II ^jjjjj <JI ^ ft mi'i iii .Llj^k. £ Jqj ■■■ L^jlj «V a.1 1 aaj".,. "rj»^. > II 

<>a <LuaLk 4-c.j ft J^.V th oiJ5>i IjLi (halt La_l£ ^ cJij^ Jjl h) th 

j^JJJ jLajl .i_ft*ijjjj 0 ylaj i i i th ("jLi <17 j t23 Jlo <oLka-oj ^-aLi 

(j-a j (A W ft ftjl j-Lij^ji oVI ^ i ft? "LajLs ">lj"l-> n th Jjl jLfial ^JLaJLi 

j ? *^ t I wl^. «l d j j it i <l ft^l -> n J n t j ml <cdJj J 1 4j (af ^J .Sjj-a.J-a _>-Lt ^-J 



* jjh £-1 "> ./.I ^ U "i" <j1 cjjJ IjI (j-iLj-ll j> niill ^1 JJLL; ^jl l>"V^ j >* J 



inputs ^XLiLlI J j ..gj Lii! ^ _>iil! La£ jj-ujj j -> a II JjJ 5l 

f "'Sl l ^jJLlll JUaJI JIoj VjJa* f-*">jj «t 0 ,t-i,t 2 ,... £^J,>J ^Vl 0,1,2,... 
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2 


3 


0 


□ 


□ 


□ 


□ 


S 1 


3 


□ 


4 


1 


?• 2 


1 


1 


1 


1 


3 


0 


1 


□ 


2 



jljX.VI J£ JjJ^»JI lj_A (jn iA'jj I'll .Aj jij-jl iLI m-> H ^-ISjIL* ")l i±ij-> J 

JJX. I4J J <£_Ljjj ill <Ja_ujl Ifl it ma (j^-OJ ^jlll jljfcVI) ,_iL*oJJ iLLUI j'i<ntl 

th Jl mi „.L gilull 

I j <" \ Sjl_uu| ^ i" ^jk j q 1 1 11 i_tl in^» II Jjl lj| CiljiU* ft II I "1 > i"i 

» «!'■ Lojjx. <^H*i Cil tl — H jj- 0 j"'"' ° J^-"- 1 5-"Ij ^LlLII J-c Sy^a_o I (j _i*sl -» "> 
<J a j J _ i iJ| u ^ X a'~ th ^Ls (2 oljU»U j «t4 £-olj>j 'j-* j 'th j 2 jj; 4 

<_L5jjj JjJ t4<2) l-jI m~ i tj\ Jj&ij (j-e m mi (^>=>^jj 

dJ3 L^JjIjJ jxiijj JjJ_aJI !jja i_i ml 'ill f j_ijl (3 0 ^ ' A"i jij (j-oj 

I » .11 ^ 1 1 1 a II rtjjAJ < L j-jl hi II i_J in -» II <_il-^-j ' ^ a J)"' 1 (j-l ^j"^ *~ II 1— )l 111"^ II 

Ij^j Laa I (j U m JjJ^JI ^ya j_lujVI 



1-61 wLuwJl file 
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C 3 
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1 


^? 2 


1 
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1 
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> 

3 


0 


1 


0 


2 



ii ■! ...^ II iLLDI 4 '.< /» « II UJ-^J (j-L^aVI J J 1 7- II LJj 

tfl dJj (> ^ J u^J 'j'j^l <> jaS 

_>ki]l ^jJr. 6J j-aJI jIacVI AiJ-iJ .5jj-k<i 4 K iii n ^yJI J-usu 

.(jjljl^ oLa^j (_j-s L<^) 1 iiLi^iL L$-i£. (_)<\>*" m'lj <(Jj..i-> II ^ s-lj^^u <jLolc 

j^j'i i "i LliV) JJ JjU J -IX. Ijjh .1123... Jlo <LJI " n Ly Id J -^^ ' jjjlc 

(jLi 111 <(<JU. J£ ^ JajC j-JJjJJ C)Vlj th S Tn i ii ft II CjljJoaJI SJLlLo (jl 

V I j-A t ^ • Jj^e-" 0-* ^ u^-° lt* y^.' Ja*JI <iUi aJ ^1 <_yj.ll «UVI 

bjfe J ^ JjVI ^1 L^l LiiV) JjVI _>k^JI . il-Uj <al jl 

lj_4j .Jj^a.j-a _^j-C i^j-kl 4 j (2j_o <4 "i*S I iljj^j-o (jjil-J jj| i_i j 1123... 

<6Jj^.jj th i_i5^lll <"J1 ^ (j-^J 'Lfj- 0 I jtltn'il ^yjJI 4 j lAjiJli 111 ^Aal 



, - ... ... ■ „ . 



J J^-J (* J - fc o 'Ojj-^-i .<-jL^_1 ^1 J .^ . i m (j^aLL J ui <jL£ )j[ 

Jj^J f±C (J-uaiil pjj (j-oj < 4 j iALjjJI ^1 hi nil J-uaiil «Lat-C. j_>l 

s 



jiaj-JI jJU jJj .Godel's theorem Jjj^c. <j-t>j-y* jjt j <( jjj_ijJI ^ 
_ ojl ,,, n \ H Brum ^ (1978-1906) J-jj>£ ojj^ ^jl ... « \ II 

'(L'^J *-jjj>4 I <1 -*j^ tiijLuaj Brno jj_>j ^Vl I p o ml jLoo <_y^ll) <JI 

(J-UjX. J ~> * J jjj <( u n'S , » II ^^-Lt J-uulj JljI^JJJ jlj-uol f-^>j) Lf J j-ff O"^ 

.1934 f lx Sj^lJI cLV^JI Jl >Uj <£jUI JqU.aV) 

U_>J ir. L^ji ^^lll <(jj" '"'»>» <^lj->. <-iij lAol dLlAj <1940 ^Lc l(j_\4 

Lai j ml J_)J_j£. <Sj_>AVI 4jI j)') iii ^^-S <Gl 6j^J JiW t L"J m'l iV I n J ft ~t 

dVjL»_aJ ^-jj" A (J-^- (j l f jit tjj^ <Lol_*JI <■) t iii J II ij^iaj j-S Ljj-A jjik. 

.(jlaa JJS La$ < JjJ^jC JjSj jj i A i l o I I ^1 j 'i ml L (j-aj-U Ci-^ o m (_j-^-!l (j-jl "i ' "V' l 

l? is 

Jjj L ... .olll ^1 <2jjC JJLii .OLp. L-ijLJj SLtaJI ^1 <JjIii ^yi LoLaj LiUU" 

a * if 

i_jL1!L^!5U <L,.ljl5"t II (jisljX.VI «Uit C*Aj <«Gl (j-o S JJ ~>VI <L^_>aJI .lai 

Aij .Lclli <tf^J (j-Lc- ^ irti (jlS <(jj)"> ni*t^-i ^-S <j jJ-°J Sj lla-Si 6JJU1 jjl^ Lo 

j5j <^LsLkJI ,2>C. (j*- <^jJI jL^-V) J^J^'j *4<i»jJI frj-uj CjLo 



jjj L ^lll <<Gl_flj Sjlj »m <GjSl Lo IjJbj (dlJil 4 7>jTi i&ii Lol^r. jlj^ 30 £_L 

<ljK m I (j it CjjJI <C5jLtjJI Jj^a. Lfr^lc <-lLLo <>a-^> 1931 jJ_C 

^ <j_u aSJ .L^j ^^kl <Principia Mathematica ^ SjJ^JI 

4 i iAL>j s-I^jLo (_5jLc«l 

Sj'.' mi oil djK.M i oU-l'iT. m.VL. lo jl LpLil V meta-mathematical 

■ jjln'lll ClLoLuLO ^1 

j-4 lj-A» <1+1 =2 (JLo <(_JjLc_\JI (J-a «U ll"" n CjI_i iALjjJI . 4 1 1 S 'i Lo Ijjb 
frljjLo 4 i 'il j II j <Qj 1 1 ft ] i a i 4 i i(*iL>j (_j-JjVI j r J II f«(£jx.jJI 6 jjfc (jLa^j 
Jj-o I j — I j * *« i ul a ' ^ " II (_5 jLcjJI ^Lia <t_il_2^ Lj_iLS_oLi (jl (_y<aj i 4, 1 1 ■«! i iALij 

j-Lc.VI ^ 1 la '■ l l ^.o jl <^LiLa <Peano jjLaj ol » I ^3-°) ml •■■V* ol o I ... n II 
lia ( 'jjVjj J-luIj 'a '»■• ^pJI LL^^U 4,t» .t.TioJI <jjJklll (jir. ^IaaII 
(£jLcjJI (_y.fi cjjJI «u ijt's -lj^- j»-L*j ••• 'P2 'Pi «Po (5jLcjJI I *>_t U « _i 

. Jjj ^ <d*i Ld <4^1> <lljjj>lxu iJlllI <L1SJ| Jl^JI o 

Jj-o <t_il in^t II ^if. ^j-lo <l ,1 fit" 111 n II j^ajJI (j-o l—i a j J-iia JJ£. J-=k.JJ 

I '1*1 *S n _i .«JJX. jJk JJjJ j nil 1 n II ^jJLjJI)) ^JSi «Gl n I inn (_;,AaJ i^'in< .^jLlj JJ^J 

«s1 = ssO = 2 .so = 1 (jli laJ ««J ^i.LJI ^tiJU s duLa. x 1 =sx Ll^ 
«_.! (j^aj "it'll .6jL-c ^-i iijlaljl SjLil J£J bl.ir.1 JjJ jx. iCik j .1 j*C ftj 

<a >^_LC jj n" o o JiJ (j<-i i^ik .S SjLi^U 7 j « = » SjLi^U 5 ilxa 

JO*JI X Jj <1 1 JiiaJI X _) a /i i^ik 111 <10 jj-o JJ^5 Aj-a j ^ij] JJ£. <X 1 Jlo 

J-uaL^ jj» ^^cjJ Godel number Jjj^i ^^£. oj^j j^alc .13 
LjJ Jin .^ji o x 1 = sx jjL Lil j»i <_>oj jLjj^jikj ^^iJI jj_a _4J <iil j-JI jIjcVI 
^jl_^ lljkj «(x _J) 11 x (s _J) 7 x (= _J) 5 x (x 1 _J) 13 1 - s II 
<\ K .till <_o_Llo_o i iA" <Lo ^>cj (_)La .pl^-^yi <ci] U .5005 



otitic y .o"t ^jUjJI <jjj cjU^UJI (j^i IjJ < Ku-> j Ijjt y .formalism 

Ijl Lac sL^uiL^JI <JLluuJI (jfc <jLa-VI I'lVSnj (JllLaJI Jji hi ^j-l^-J jl jxls. II (jo ^ 
Ijl Lo ^1 "i \"i .ill ,J_j j-ls (jx. dJL*.! j Jj-U CSj-fcJ (_$-S CiJ-a. " ^j-CiJI aj-A Ci^LS 

.75 XaLc 5 I Jlo L>Ll <<j£ j^JI ^jcJJ Jjj jj*J liLoLc 5005 

X = SX ^jCjJLi IjJ <L$-J (j^aUJI JjJ j£ JJ£. Jl all mL <_£jl£.jJI ^ U,j iu 

^L-JI ^jJLlll j-uJI j-* 6 ^Im <6 = s5 J< .L.IL l^iS ,_pJI) 6 jjjJL ilUUI 

Sjtt* nil ^jLtjll JjJ^t jljfcLfl <£-3>« lo£j -P5005(6) CS^ 11 " lt* ("^ J^^-Ll 
(Jj-o Sj-J * u a jljx.1 J— a (J-oLajJI I 'i *il ^ nt_j ,jl ^jJj I n_t 8 ja^C.j-A_uj I Ti£ 1 <lvi^. S_)jj^ 

^^£.jJI jLj j»x.jJI Lij£ oj (MiUi .SjL-i iliiljjul (_>ojJuij <jl (jjJ j Pi(6) 

j-Aj) «^.Lj jjLt 6» 5j_^LjJI ^^aJI <_,_* <6 j-uJI ijlz (jliaj Lojlc <p 4 <4 

<1 JJ^jlJI ajjfc j» .ATi <<JLvJI ^ij <«UJjVI <UJ ^jfl-N a oJ^J <s'^ 

JdtVL iiLLlo 5 (5j£.JI uWj ( 6 = 1x2x3 J 6 = 1+2+3 L£ 

.((^^ jdt 11» ?tj i^IL P5<11) l^s: 6^ lV'^"jj «<jJjVI 

^"'l" (_j-lJI ^jLtill 4-C. j) nan (j-Q ^uiLjJI (jl_4jjJI (jjilf 

(jl Ij-A j a ) .jj-ajJLi <LaJL«-aJI JX-ljJs J) 1 > U~ A t-i 1 nl^j (j Ai 1 (^ ' 0 "*' * ' 

^Jl J > <Ljl_S <(lj-?. *j J ^ JicVI A J I 0 f jj 2 j 8 j 6 ^y-A JjJj-t 

^Jl ^j) 2 6 x3 8 x5 2 = 10 497 600 J^j^i. jjx ^JL^VI 6^>e-ll 

jj^ jjli < jj lqJLj JjS La^j .^«LJj] jljxl^ 5 <3 <2 jljX.VI j n" m" (J^ial ^y-A 
jlitVI ijJl ^j-A Mlln II ^jLtjJJ 4_Lj-kJI ^jjJilj-xll JjJj-C jlj-C.1 

^yjj J ^3u Aijj <UUj - ~ "■" V ^^111 ikilll ^jJ! jkaijjJI fl>*[ Ci Late < Ui ■■ii'll ijij (15) 

.tdlj ^ jScI J^^l fr l^^-| (j^ .(jl> ■ ri "k 11 ^ J^kLa jj^jJl < * JJJ (j^JI t-WJ^^I (jl 

jjjl ^olJ Jjj^i. jldcl oji; aii .jldcVI c ^ '"< V ^m-> .ultrafinistic aI "■"> ojiJI oL^>L;^JI ^ (16) 

.ULlu, jlj^VI aii l(jja J-^-jJ (jJJ 'jf^ S )a« nil 



,i . .1 ... ^ II ^Ulj-^VI Jl m'l ml 1 i 'xK a )j .i_il II t If. (jlui-J-o Lf _S L^JLkjl 

lj[ Lo JjtiaJLj (^J-ilj-J (2>-o i"j Lo ^LAjj (jl^ |j| Lo (J i£. II 

"V*^" Ldla ^La^aU JjJ jX Jd*J J-ol jX ^ j^Jf^L^' liilli JjJ ^£ jljxl 

.15 jdxU 3 3 5 51 15 = 5x3 

J< ^ JjJ jX. < ~ ' " *' g\j a j ■■•V 4> j-A (JjJjX. Jit! ^jVI J m*i m'l in 

.computability m>ll <jLUJ j-ijjji iAslioj *I>J dx, i al'i-^ « 

jjt, jiiul J-*^ Ij^LJ Jf4^ J "«*> ^ <<iJLaJI 

«ui Lo j^^?- JjL^Ij o^l ijjjli^j Loj .<GU^j Sjjj ^jJI 4-lj^>j Ja5 

<l it i<*i (jl-AjjJI L<J <Gl JjJ .SjjjJI ^jJI (<Ij^.j_>-o) ^jj^jjLo 6 ^Ua <-Jjfcj 4-jLi 

<kSiJI ^1 Jiill ^ vliiU <LAjLilxl <5>.jjJI yJI 6l \U m l ^la. 

. ctplji 'iTi i hV < t i pi 'in II 

(_£jxjjl 6 j-A |> m'i J j (0 JJjlJI ,jx. 'I i n n ^jJLi Llj| 4 \ I 

<l5-=>- f-L* j <Po(D I (3 j a "■*> '" 1 JJ-aJI <jx ^^xaJI (jiiij ^jJLj La£ <Po(0) 

jl f J II <sj-A (jj^J jJ3 .X _j J) U"~ (_£ jX J Po(x) j-ojJLj La *i in a La J n f . J 
<«1 j-A X _J ^juvjjjJI jju^Jli) ^jJ* (_£^CjJI ^ <MiLoi .<jJol jl 4 ^. i-*> n-i 

^<J ,Lki. 1,1a j <7t0 - 1 $ (j-^-^j L$_iV <-ll=LL p 0 (0) <jj£z <JUJI &iA ^ j 

1? o ft * 

L^-j (j-oLk JjJ^x. JJX d^jjxjj (jjj-A ^ JiJj .7l0= 1 (jV i^-i Pod) 

(_j^aj i«~i*> ) ^jlxjjl J^Lo ,_yo 4 "t *t /> _/i-C IjJX dlj-A (jl jjjj <4 ■sll'i'i ml I *' a I 

it 

<Po(x) JK mVL ^jlxjJI &iA v_llii .<_>(}"'>ll ^JX. -t~ll JaxVI ^ya 

Jaxl J£ kjj^liu .^rj~> i^ >i.Sn (jAxJIj (P^t-il ^ 1^ inij fl^. j»-U j <Pi(x) 

(jj^j Sk JjlA^JI Ijjk ^ >-^^l ji mall ^jl -(S^r;^ ua Ijlax! L^ii I'll m* ml 

:JLlJL Ijjj iii 



\ 



J^J.nJI 


0 


1 


2 


3 


0 


1 


55 


27 


4 


1 


51 


3 


7 


17 


C 2 


0 


20 


30 


40 


^3 


13 


22 ' 


11 


2 



.11 jjk 2 jjjlIL <SJxLJI P3 ^ jt jJJ lJjJjaJI Jjj jjt 

<JI 

(JlLo jjl (j-a_>lii (j^-is 'V |k( i fl-Sj)*ij ■< 1 1 i_jl nit II Ijl Lo ^ ^ ^jjji^jJ 

jjAij 1'iilf uj*"j ^ li*Ja j Ijl <4jLijl jj^hf Jj^^-" I j-* 

* * * * * 

.^j_i^>jjJI J -^kiTt i ii <£_jj_^j~i I (j nji (_y~JI ^7 3» => H Lll».a LaSij <(jVI 

<LLiJI LL^JJI Jja^. jj-i j ^ Ij^LUI S^LaJI alfJ Jjj^c. jut ^jl 

P2 (£^CjJl£ <^^jJI <*ll*i I (j^aLaJI JJaJL ,j.U""i ^jij ^^Jb «<Li^kDI SjLjlJI» 
La (jl^a Lf -4 (jl 1 --^ <^^C.J <U-iAiJI aJJk Cul£ LaJ j .2 JJjuIL < uU ,j nl l 

.2 I •1 ^ llj <Gl jj^jjLfijJ < la * • ■ u II <LJL) j .^jltdil J-aLiiJI JjJl^JI 

*ia jj* ^jJI <JjLUI ^>LUI (Jjjji jac >knJ <cdiK j-o^l jl^ Ijlj 

:<gL ^^coJI JjJjfc jat -30 <UUJI 

.2 jjjJLj 4ilxlJI 2 ^jtoJI u'-*^ ^ 

JjilaJI ^1 £^a._)J) Jjlj i—fljJlj Lij1 4 '1 1 . S j 1 -> n j j ^1 I "i 1 iojj lj_A j 



jlj'ir <2 jjaJL <Si*j-JI 2 ^^jJI ^jJi. jjLa^j J ^jJx. ^La^l (j^o-oJI 

<1LuLJI 2 (£j£.J-ll <jt (jifc _>a jJ jJ "Cil dLlj t^Atl M ^ L^Aj! 

.1 (j J Q 'i J\ (Jj-C±l\ 4^ t jlj-3 jlj-^aV ^ j'C J V tint* in *i <_J jJI d\ ft I m ft II 
j_yJ.ll 4 .) i Alj jJI I ■! ■ A. a II 4"'. n Jjc J j^. j |j_A jj-JJLj . <Lolj j-l£- CjI i iALj.I1 

.Cj\ ft I iii aJI ^j-o 5UttA-a j-Cj ft ti n ,j-o I (j ^>l*i'i" ml ft i V (j^-l '1 (j " "> U3 J ft" *s i 
IjjjaJLaj jjjl J- 4 * Jj&iaJI (_>ujJ . jj-.l" <VI ^Uaa^^Lo J^LluVI j^Lfij 

j^ioJI jj <(L>J£ JacVI (JU ^ lla. Sjjb <j« mUII jbcVI <jV) iaJL ^.LUI 

i_LLLll CjIjLjjlJI (jV) 1 (j j 1 f jjj;! '-^ Cilt I ftg. (^1 jL-^il I 'i ■» i iij-i tjj^t 1} J-* 

.(Ida. SjjLi <ljK »» ^La^jU 



a-=kjj oJs iVjLs ,ol < iA>L»jJJ ^ ol i i II Jj I --> (JjJj^. A -\ i" 't V 

(j-o Jjj's.j J_5 I ft 15 » L a i n * <l_o j i i A a <t -> K-i CiL-jJiy 4_>_ajjlj^. j j r ^JjI_jJq 
(j! (_^-aj V g-jjt-i .till <Ll»J ^ji I jji n I ■» i A j jjt ^jlc tljK iii ^La^^jJI Jj->" in ft II 
ji <Gl Ij-A L __jjLj .J^iji! jlL[ ^ dJj jj-uoj (j^-^ '^1 mil ojj ^1 (<;Jjj 

jLiLcu iSjjj-tJI (j^J i<LK mil (jjjsl^l 6Jj» J!Lo f^>i2j ^5-1^ ljjL5 ^ti Jl JiaJI 

LujJ jltLllj JljjVI iJ JjJjj tiLlj (jV i^jX. jJI <L*-Lila \fin JJaj Sjilj JJu. 



v-fll mi'i^I LaVjI ojL^ .1 o •> jjU ^y-s 9^-°^ liMAj olj .aLjjJI cj*h> 

jj^j ^j-aj .^jU^JI Jli <><> incommensurability (^^J-i^UI) <j -uUi^MJ 

^J^aJI yjjjl (> i£ £jLJI o>ill CalCUlUS J-olSiJl j J .Al 4'tll ujl ma> 

^i. I <jLS infinitesimals j» .^..11 ^ cJ j *l >"< «!HJI ^ J-oL*jl1I J <>> 

# . i i i - 

a j i ~> nj (J_ujIj 4 i A al 'i"> /i (Ji-o icA i A si *>3 .11 <lL»ULo < *l II *i II cjjL^j * " A 

'"' ' a 1 CjI 1 iALjjJI (jt < iii ft J II j 1*1 1 LaJ <jLs <^-j Li -oJI ^yt> W n 1 J -dil i iALi^JI 
Jj-^j u i iii i Qjj^ tjUj JjJ-^ .li j .<Jjj. » -aJI £^jj-8 (j-o Lfcj^ I (j 4 Oj n**i ml^j 

iLoLaj A i-y i_ijJ-ujLi I (j I ftf. (_£ J^J Lj_j| jJjj ^yjJI 4-iLjl^JI CjI i i«~iL>^JI jjjS jjJ5 

^jJ ^jjLa <^La-jJI (j-o IgJ?" lu-qJI Ijjk |Jj-o £^j-ii^a Axi <Lil n-> II jj-oj 

6 - il " a LoLxJI (jj ' '^L> j-ll A ' 1 " >J -Li ij iii ^Lia. ^j-jLjlj 4 " i 'i i (J^-lj ^ t-»l i <i 
jj-S Sjjj^j-aJI * a « * « II CjI^jijJLj j^Xx jvl aa A I t!iL»l (jjJj >_3j^- tjjJ j» frJ s >=>-> 

aJI jj£ (j^i ^jl JJ-if ( _ f -iJI ^CjI j i<-i LjjJI ^^U^xll 

(jl j-4 <^jJaJL i^yjLjJI i_i i mil ,cJ ' iAL^U j j <j < ~> II (j "il <_1 jlaJ J-A^a. CjI^jAjJI 
.^jLJI jJLaJI i_S jj <iaJU cnall ?jnl mil <iJJI (jJSj Iii. Sjjia CjL-^jLj^JI 
Cj^L_ u<al j-cJIj 5 j\ y "i.JIj ^ j La II ^lii o I j ■« o <o l j .A LjjJI O j ft j IjLi 

.OVL^VI j <fclLua II j 

fejlsc ^Llj ^yjJI <CjLi—3l-J>ll (j! ^ i-u mi l ^ Jlj-^l 

( _yj\-uj\ <J (jii 1 1 J ' " Jj ft < <J " n n A 1 i"i <i^_yJ |V J ) t 1 1 ^Jl > ^ I 

$ " £ 

^^lc <Lo xa. ^1 <i*s d " j-i ^Lj^sjjk JoJiL^ y a j n i ^j-j-ilj (o^sh?-" 
jot cx& Ijl La ^jlj ' (*(i"''' L^j-i ^ oLj^' pLuaSJ. ^^j'l <ll*j . j>o"ii i i .^Li 

<_!_»-«_£ < U tl j <_oJi Ijl La cjl iti'vTi nilj (iajli (^C. JajL^ pLuojl If, 

.iujjJ^JI ?_iKmllj ^Brouwerian <*jjl_>JI tL^jaJI j <<^^LiUVI iiail^JI 



b ^LLljJI ^^LIj i <j<a .^.jLaJI ^jLJI jJUJl i , a .^j £_» Ltilj I aj<~ 
<5j_>kj j^k; <Gl Jil jliVI I't'i'snja <^UJI ^Jl cili S_>ki Lo^Gcl Ijl jUJI 
d\-Jy.~ ^ dj^j^.UII jl^tSU <LLLcJI oLt q II o" ^jlc Ijjli <l»^"i 

d ■ ' . I aVI d , ,. V.(j II i—ijAJ LjjV < 1-1 8 Lj «^ JJ> (j^J <LiAjI cUjj^jj I" '"' '"I) 

(Ua naJI »l -VI jl LfAj <lj^ oliL i a o JI ^)J& Lojjt j J ^> na j-iC 

S jjLi j*L , ,-. I ftl.j n J| jjV «<jjjl5yi _>jx. Cil malj II < < i U 'i n II 

(jjAJJ <j!j («l kla "II <5 "II £-o ^;jjl~"ll i-t )*S~II (j-o Lo 4 v > II I Ti \ \ i"i ) 

I j'.lj ,^l^ jlLlLl (jjj^ '1^>- Jit I'm If 

? - j 

6,ifJ dUj ... .11 .-,1 II i a II J LAjI (j^aljliVI I Vi'Srtjt <ljj jj iii ft LajljLj I jlj 

SjSLiJI 6 j_a ^ jjj . j^LojJI a\ miV (<^aJaJI IsjIjjJI L j 1 1 1 Sj j^ 4 - 0 ^-xa! a n II 

i.'l I n i Lljlj (j^LojJI Jj^lj (^o a <j .-I .-VI <Uj ~ .All djaL\ ^11 oLaJU-oJI ^jLj 

<1«jj^ SjjbUa jjh jJI (jL (&j<all jL^ (j-o ^UIR. Penrose 

jj-lfi. I Jj^j-o Jht in ^ \ I <»ilJj ji_ua Ijl L^jjaLuj ^^jj^j Ijji .Ljj-A «< m i/-i j-lC. 

co-processor dj ,t. o II gJLa_«JI (^_Lc, ^1 .^LojJI ^ il-ojjIj-^-JI "} : 1 ° * 11 

4*i < n in* o i La jl -> "I I 'i 1^ n \ i <-i-ojjl j -k II .-.I .1 ...^ II c|j_^.| d i i . a /Ijl ■ ^" 1 j 

iti i II ' a 1 1 N. ChOmski ■■■ ■ a«ji_> ijjj ^j"^ « > ' «l *j ' ** id I a S j e 

Liajl^ LjLj[ I (j a jj djaL'. » II Ljjj^S ^ j_.< a~ llj <<iil| .. I ...".< ! It i'. j U a I I 

<jjlaill Lji iAl 4^_>">'i ojjj j^LajJJ JajljjJI Sjjjji ij-ajjl <a$j-aJ Kantian 



tj-A <dJj jJ-tJ <CjLi-4i j-»-cJI <»Ij t«L uqLj cAiMc. gjjjl ( _ f lc LajjAS ^Ij 

? .'..1 1 1*11" I d-v .".*. 

<CjLfcjfl^ ajb jlatVI iS^lc Lijlj^j J^Aiu Jil .CjL^sAj_>JI ^Lai JjLlla (£jLaJI 
(jLi <£j_JI aj-fi (jii < '1 >j I* o olfcj uti o pi JJ -a , 0 L^-jLi jldC^U J7->j-a ' - i ijJLj j 

J. Von yLoj_ij ,jjJ (^Lajj) ui^-?- G^"* - " ij-^> j0 ^' - (■?-> "> <S-"^-i>^ 
^ij <iuiisJI J ~> II Jl <e^jj^ £-« ' j.'"' 1 . 1 (5^' <Neumann (1957-1903) 

i <f ■* 4 , , 

dj.a. 4 Uj in i <in n f j.-. - Lg_jLi j n t i U II jljX-VI i_i_ij-xj ^'S n n II j^_a £,1 

(_gj">"->" V (jjJI <fcj,o^ nil ^j-A j <{} <jJUJI it j n ~. n II <Lilj 0 >_ST>C JLli (Ijj^ao j 

* 

4 _< II II Lcj n-\ n II <j_a J_£ I f, ^jJLa-j ( _ f -lJI <LC,J) n n II <-iLi 2 j <1={{}} 

3 ={{}, {{}}, £ . 2={{}, {{}}, {{}}}} &\ <JUJI i^j^JI ^Ul ^^a^Jlj 
Li* r a*JI <> jUVL ^JUJI akf>i ul^ ^ Jj" - <17) l^j 'W, {{}}}} 

.ex nihilo ^jaJI (>> LL^a. Li=ki«j 

jjji JL-aJl ijlS j2U>\ O \^ UJ <Gl ^^it ia_aJI cJadjj <jliLo 

** * * 0 

Oj-S jl iai* m l JLa LoLa^ (j^ ^JaJI 

jjjlx. f. (J Ju V ^ Jii pbJI Jii ll^UJI lixLaJI j .<JLkJI ic j ^ -s n II 

iSjjUl J>?.j-I! i^l OjS t^-ll oLi^li^JI ^ylc I a i Lajj n^" 
^JLJI ^La <dJJii J -t 5 jJ IjJ oV <lj IU\ self-consistent ll^lj < « ^ ^, j a 

. i »l -. 1 1 -t. I) ji_lc <JJJ <_>uij <J (^illl i^JIaII 4jjJk^a>. <u5Jala <jli <-tu IjJ .jl j *>J m 

^yJI I (] loJLj Cil 't i o -t " II ^ya d a a > II Jjlj^JI 6 j-A o ■ A « JjVI ^^^j '' 

4 I at ">Ti ( _ f J-!l i2_ijJaJI (^JJ L^_jLfl jLaJI II » ,11 pi I i^LijJI «Lc».I^J Lodlcj .(ji^l i 

"LJlaJI ic jn^ all L^j-iC J>ajJ <CiLt jut nil <J_>lai (jij •*SjJ-« f-^-J^a 6 j-2 iiLjl fi^J (1^) 

i^LJI ,> «{0) <0) '(0) <0} «{{0) '{0) <0 ?.»■«.■ .^11 jIj^VU 111 .0 JiiJL, 

.ija. isijj! jsi < jsvi ^ <i,>. _>ji 



iiJ ^LjJI UjJj ^^ill tCilj .aL^II <Jj£; (^jT t^l" mijiJj Wigner ^jj La£ 

4 

(jj'sj m jjj^. <dJj£ (_>ujJ j-oVI (jl (j-ajlilJ {£i U\ j-ft dJj J£ (jl^ lajj 
(gj-j-u ■ .■■»!< ijjLaJI d a ' 2 a H Lai <pl i iALi^JI j-i-C t-^-iit <pl t iALi^JI 

L\J jdaj Lo .deep structuralis «? «j «r <ejj"'.»> j^f <j-* ft 

J-eVI Ijlj .i_jl im-> II ^_Lc (£J-"J (_y^ - pLoJI <jL\JI <el^JI <i_jljjJI - (_^>jj in^> o 

I'l'^nj V .<K (jj^JI '^Lt-oJI <j-o ^ *l ■» n i J-»J^i ijjk jJ-o ^,Li ti'lUK 

SLaJ ^.""'J jii <dJj£ (j^J <jjj -l^*> liilj f> hmo jJLvll ^jl <i_>*-e <ja!I 

<> La <LkaJ 

.JjJjaJI ^^it 1j - - — ^ ^ LoJla «UlJI LJ il> j JjLujJI JjlaxaJI i Ijjij i^^cUaJI 

j^ J (i < " H (_y.ll <<jJLaJI <£. j o o I I i - ij -> ^1 Jj )*J < n Jj^>a >A La J^j 

.Lj-j ^1 l-i^-j ^jjJI I m_i II ■» a ^ <jJLlUI d±j ^Li ^ctS jJI (jnii ^ j 

I » 1 1 «t i i ft j Cil ill <"i* t<ILcjj i ? i n £g\ ijj^l 6d^J JjL^ Ijl iLLlj^. Lo (JSij 

^ ** 

fr ( _ f _i ^1 ^ jj^ j" II ^ t'l^ rtj Vj -<*J i^Aj jjiJLt ijju JjJ-uj J-A ^jJI I » II 

- * 1 

.j_L^aVI jj-o <*-JJ JJ^J 



^jjl £jl>ll ^JAjJI jjl ^|>-fiJI J .11 0 (_jJ| <U jUmiI <JLl_od jjUU. (>>t It 

V ituJI (^>LJI JM-k j .^>l -v jj <jLoj n-» 'u II j LJi II ojj-SJI JXi. j-> M 
<SjLl*JI al$_> (j-ic-^ Lil -Lo ,_yJI J-j-i-o jj-c- cx>^f ^5 •cl^j jt I ; II jo-ij 

<«LuL$j jjl>l»j (^C dt^jJI ,jL» jJ5 jllJ ft I I I iii JjUlaii jjl LpjIkJ ^^ill 

<ia_a.Li g \ ^1 J-^sjfn in <theory of every thing «f Lf ^i J£ <j>la^i) ^ * m" 

_ <LaLc pLalxll *l ' '"^ yiaj (jl i ' S j-i-o-a JjUHI _ ^LaUl 

(jjiJI C- Laic j ^-tti fc £_tuljjl (jjJLl! ,>k1j! J Lalfc jjaj ^ ihLmiVI Jjill J^'i=>-J j^Ic 

.jjjj-iaJlj ^jUJI 

j \\\"\ <Lii jjIJJLj J IS ^JLc. ^j-i I ni'i <_£ jJI <j it. f ^ ml" II jj-O j»JL*-S 

s> „ „ * * 

<_£_>kj jjJl V j j i n-i II 4JulLJI CjljjVI (j-a Ujj 'U "J_' ^ S-aJI o j^-a CiljjVI 

pVJ^j 3 1 « " j 1 aj a j .gadget l\S\ *"» uaj jj » 4*> 11 ^1 j «<JjL* .At j» km" 

<UI f-LiuL ^K" Ciil£ ^lUnll |»-fiJI (jJt Jj-uojJJ 5j^j£.j-aJI (_>^jVI ^jli JfLaJaJI 

^ ' *r rf- ff ^ J 1 

(^yir. d>JjjL5 I jjli <<LW1 t.*l l"t <Uo1j Lo l\J. y o j> o"l K^^Lo V 

olj oljJ ^ <-Llj_a Lj .M 4 \ Slat ^Li j 4 II <LjLf-Ll La.jLuj Zj£J SlJ 

Ml J ft ^ 1* "rf 

i_a i^-i"_i j-Aj j » II II^j Sljl j-A <(jljjJj <>-> kij <ll^ «d (^jJI ^(j^j^lSjyLa 



(j_>UI W n\e jIIajj .Jjj-v'JI j i*-if ^1 I JJk CjIjjVI j '/~>r <j^> d3 j 
V| (jj^-L! ^->J-* II ** ' * ' (j*- J LAJLjJI (j£-a-i V «GLj I j 11 -t (jj j in » II j jJI 
iijia_o I j| I taJ) j^ a ' ( _y^JI jLajJLi pi < iALjJI -k»jjJ <Jjl -> o jlj <C)1 > iAIj^JIj 

J£ p j a 1 1 ^JLaJI £j J-ajJI J-A J <<LiJl1II j»^ujl (jVI J-4 Jjj^-lll .jLLa-JL 
4 ' J ' U Lsj_i^s ljj^_a LLaoj (JJ^ (j' J a ' '^J^'ll (J-^? (1)1 <<LljL$-j 

.<&jXi (jl <jjj <KU'i jl I a j <^Jl*JJ <u ml ujVI 

jj i ii 4" j-i (jjjJkLa j iii i lli .i_fljJajJI <JlJLj _ i n't (jl (jjj tj j i ii j" d^Li-al 

Jl on" i ill— j tpLj^jjJI j»_Lc j^-j 4 I n ■> *i in o II Ci Lj iA LjjJI < n~i l \ j <Cj\ j iALijJI 
^ J ■»-! j j Ul -> n ILj j ~> o ^-Aj j i i i a~i (jl LojJ (jj-*-J j <<LSj-fLa CiLaJJo-i^a-o 

spin jj ,j< a.) l,*K a j .jLa. Lf lc lj j mil JJkj <q£J <JI n < II 

6jj ir~i II 6J (j ) LoLa-j 1 (j >l * l"l ml (j's n 1 V Sjj n n II Ol a . n jl J < J-lj *i II £-!L> 

J ' I loj 1 1 SLtj-o ^ >j a "11 5jj n-< II aaJs ol a m JjLa <ilUj ^>^l j «* ■ ■■■V^ 11 

Lij£xLj <gLj ^aU^u Vila string theory _>l^jVI J^J^j 

toJI Ijjk jLlcL iJJj j <jlxil SJjlj jJjil ^j-uaLjJI tn.ll jjjjis ( j£ <* La 

iZSy^-a ,.\ -y (jjil jJS 4jjLfjJI <-ijU<'ill (jl j .jljol <j^Ij ^-9 ■ I .a ^ | j^j 

(jj n i^i n I 4 4 i <J j-i-C j <A^,^a j <jjJt_a jj_ua ^_Lc J i^ia j jl ^-11 Lll^-a-ii 
(jj^J^a I (j ) (_jj.ll < J mi oil jjj; _i"t < C II (j^ ^ () "i ij V JdC da.j i hi <GI j <<Ljlalll 
(jj 8 Ij-aJI jl j ((j^iLjJI jl j_i<j I (j n (j . 1 1 ^. j I ■» Jl i-i i /ii i~i (_^_S (jj ■ ^ ^. " a 

iA(j II <jULfl <j!>LpJ1 j iljit'i i n nil oUjialll J» -> 1 6 JjJj^ (Jjljia ^jj >^ » ... 

<jjL}Ajl 5j_ > kiJI (jjii (jJ S( ( 5jjL|_lII <>^JiUI)) ^ IU ^ <ui*j ^Ul La (jU 

<(j nn mi l i' i-.") (jLj^j ^Liu j 4 i i^il -> JS» j mil ^yla. J^J jl La <6 Jjja. j <JjLta 
(_j-1»-oj rn-_."> jiLjj^LiaJ Sat! n <Cjn-\ a ^-4 ^jjL^lII 4jjJoill .L^jlj (jun in II ^ Jj 

i-».\v*i Vt i— ta-j ia.ljj-aJI (jV <L^j_>j*a (jj^l (jl (^-I'l^oj V LtA j _ (jjls-ajl ,jj 

^ - - ^ > ■* " * * * * 

^JLaJJ 4 \ ml ■ ..VI ijjjJI aLaJi j-aJLj Li5^j_o _ ^ j> .A j^J j^IIaJI dljjVI iiil j^u 



LijU-JI ^1 SjLiVI ^,^-0,^ <<s±£> c-* ^ » dSLkcVj .£jLJI 
J. >Lij j-A jlj" qLj ^jLj a ..I L^_j j».L5 jjJLlI <<x.jLaJI ij£J r<J lu! a I) 

<ilk*Jt 4jijiaJ1 ^ I jl I a-ii k_Luaj Jj5 j<Ls ^oll <Wheeler 
61a (>i predicate logic igj^ll jJaiaJI statements ^jLcj <j^ <c j*-^ ^ j_a 

<11j Big Bang j^kaJI J-> i'lVI (jL£ Ja j "-self-consistency ^IjJI ■-•■V 

^jja I i m 'i t (j| IX II (jl^ Jjk <^^)-a.l S_)LxJLJj *:Lulj I o~« i ii'l ft I . aL*. „ ^ || n || ) 1 1 

i S i«->j-ll liLlj 3 "f lj is^^ '-i "*ij-ll < " « H IX* (jt-S <^ J la ILij 

(jl^ Ijlj .iJLfiUlj jilaj^JI ^J^^klJI Jf=».j"ij < jtijVI «uJI llJU. ^JJI 

(j i II al 'J <jj5VI (jit i mi <gLj (j-iljl j Cx£^> (jl I 't'i's o_><> <uj_iii_>j jjb ^ >a I <J I 

d ijl J *' II «L»_^ikiJI jLa_il (j-uj <(jSM ^J-^J^ 0 La (j-*-* ^jLolJJ (j i nl ftj (j ta > or 

Ijl - J .a" ... .11 qLU J a^. ftllj Q^l -~» in II tjj O-lSJI jjj) £_aJcJL> '(j ^ ft ft I I (j^lj 

<L-Jj_Lu ^ Cxjfi'* <A_> in |> j ili <<cjit~nll I *<>">*% Splji j^Jr. SjjUl j»-$jjJ CiiL^ 

(jlj jLaill CiViiujl (j-a j 'fl"'*' A j-^- <J 'iJ hi (_yJI J^-to^JI ^ J (j *i (jl ^Cil aKJI 

jiVI J>i ^i-Sfl ,j-o Jf>lo J>1» ^ylc- L^jj. ^ 5 j a ^ I I ^f-Lll Jiij 

(jjjJIj <|> o at xta ' (jj njl uu n (jjJ-ll <<( a niM-iJI I j-4 J-5 .(jJLlJI (^^.jj.n'ill 

jjj i n» (jiJ i"io ^ U ~> > j_i 1 1 i_i (^jJI a I ^ I I (j-o (jjj ni_i i n 
. JjL4lll jjic (jjj ji-s I jjjii ^1 (jjoll pLaiaJI 

<<aliljUI <a -> Jii!lj JifllJI o-« jrjLaAjl ^ C^VLlLiVI Aa-I 1 m\i m 

<9 J i/i a II ^ Li __>^j La^ j .Loia-L (j! J n*i - j ^pJI ?«j in II (jit oLoM-t 

^ ^jlSLojJJ Soa^jJI «fj*i_i*a-. II cjLoJUI 51 L*jlix (j-i Sikl S^^li dLl^J 

i_utOJ <<Uojlj^JI <-j j k '1 1 1 of CjMjjIj <LAj1 <<Loj .JjljL^-VI (j^ CiU^Lc J jJi-j 
JJjlLo (LjJb^a^. ((jjilLa tlyj j I ~* ail j 1 i>il nil Jjlj^-VI ft"t (jl (^Jl 

<^jLajJI oVUIjVI 4>j-A Jl-o LoLaj Ixj alaJ .multi-sheeted a uoJI 

'<! CjLualjjjiV 1 ril --> oJljLo (_4 j 



f Jl *n 

LaJ^Loj (I ua '1 <LoL*JI «* ■ ■ ■ ..*> II ''I Ij^J ^ *' " 0 ° «1 i i i n'i II OjJt I n l*t ft (J^^JfcjJIj 

i^-JI _>^i IjU ,4_LiJLaJI ^ij .ilLlj J-xil cJljLa j Ljj mi'i <aljl ^£JI <Jjlkl!l Cil« i 
6ii (5 jJI Jjl ui i a II ijjj ^jlc j i^i'iij <jli <(Jjj-<ijiJI ^j^iil Sjjj-o-oJI CjI n r.JL 

4 "i< I <(dJj <ji iii ^j_ll , \\ -> jjl ^jiijj ^jj mi 1 II (j^Lllj) ^C.1 n'l-^Vl ^LLllI 
— ■ lojJ I j a o 9 (_y-S till t \X\ ft <Ll J j* a '— iJ a-i ^-1 <1 Sj nf L>l mm ^jl I i Ajl 

(Jjj I...II cJVI JJJ-° ^ .>-> J mm -s II llA Ja5 ? 4 in U II jJ .<iiiaJI 

.L$J «LLpV j I nil 111" n tdJj JJ^JJ J-Sj <<jjj_>^> LajjJ < J5VI jj-S 

<j£J (^j'sj 1.1 «Ul jj-i j'i'i .1. ^jJI _ j-jLajJI (jjUJI JUiiVI Jlj \sa 

<j[ .iijjLaJlj ijjl j^JI d_.jU.'.H *j ^ j" eljj a jk-^ Lij-Uj 1.1 _ dJj 4ijJ_o (jSLaj V 

ty-i (jj£j (jl <ui* 1 ^Ul Lo dljjl djj'i 1.1 j (eLjLjjiiJI <SjLiJ| ^ju^ ^Jl Lij-^U ,„ 

1 "■*■" 1 -4 c<Xa ■ " I'll 11 \ (j! 4 t'lt > (_$jJI La J <S^3 OJ^- 1 (jl (_jjJI Loj <l ft I ma 

<AjiaJJ ' "Lilt jjk ^jJI j ^ II ^Jx. jJL»JI ^jl^ IjLJj .iijLj^jiJI tj-ijl jUI 

(j's n n II Jj_o (jl ^ 1 \"\\ j»Jj ...J -t, \~\ (jjJ ^^LkVI (j-Lt C-^—tL V t m i 't~ jjl <_i I II 

<4 jM () '1 II <i ijU.'. II I a 'i-^ ~~ ,,. «Li_i_i^=JI ^jC Sj^i (jjjl clia-i (j-? Lo I 0 'I « u 

y£ a >^JH> J-° « jLjJ^I SjJ » *i n CjVI -> V < i n ii-i CjI— i-o_oj -^j a j » f j ■ 

I4JI c>aJaJ! <1JLjL oLVa^Aj j (Wheeler jLj L$_i cU. ^ill oLu-oij; 

j^Lj-IV I LijjLj Lo.j'ir <j| jJS <io jjjiijjILa (jj^j (jl Lvj^aj Lo . 1 0 J n-ijll <L»Ljj 

A\\ Mill ll'-kl J-LU ,j^> 4 MlftjJL L-ll l^l't Uij .Jjik.VI 



^jjlJ^Lo ia-JJ <jLj I n If ' I " (j I -> J ^ l« II IjSjj lii. J)LlSxa£. iaii (jlllt 111 n <LaJ 

CiLj jj IjjJi jj-a ^ 1^1 ^» 1 V JJX. j tl (j " i n tt>) ^ <t_i M 'i II <Lijj_oJI Jj-o Jjl_ixi_oJI ^ya 
f(jjUI J^al ^ yJjVI ^ojU» II <J i.iftJI ^ cjilj-o (> J^l 1,1 oil 

(jl jjlj L^j Jj!yLII (jl^-JI (jj^JI J-^=>! <J! mo 'kI' ... ^Jl <jlaJo ^Jk <_iilSJI j 



<Lu3LaJlj £j\ ni II S\. \^ II qLjUi ill ^LJjg jjjI (jjj jjJI I_L*Jj jJ (j>£j 

(j-a (J->J-S JJ£. jjJ! ( Jj^4jJI Juo I ([ La (jlfLoVLi ^uoj <jl ^ijjJI I n )j 

jj i tal II j^a-aJ (j-aj tLaLaj <l a I" a a (jj£» jii jJI <J! m n La? .<LajJaJ»JI jlifiVI 

^aJI jLfr^JI (jS?l j-A ^111 ^LaJLj .^Ita ua Jl li^J ^Jjlfl~>ll ^ .ii-oJU <<(j^ajllj» 
.LLaJit 

4 )■» io ^a-e O iii 'I I (j I / * *' ' * a ' iSl I ([ i a j^jjj Jjioli^ liLLxojj t lal LajJI 
.<tj iAL_> 4 »j iri j-i j! j 1 »•> ^-i <~t ijhj (j I'i (jl J-5jJ-II I XJ& n\ V 

.<Gl£La_a ^ I t^ Vt uj^j LoOit V[ ^jX- jil a^i (jJI Jjlsjjj (jJ Lljt (jJil LI 

f. ji*JI UL L^J I.." ^1 J5l >JI <^t V S jiill ajjfc oLi <^_jJaJLij 
<<jjjVI jiJtj ^..j'.ll jAc. <^L»jJI LujI jjJ neurosciences ij^axll 

ta ' ^^jJI f LuiVI Jj uoilJl j i_fljjj !j\ ia-Laj Llit JJjj <La. ^aJ JjjfiJI 

<jjaJI tjjta. (jl Ii* Luic ^ .simulations tul _»<! -> « ^ L^aj 

jjX. jJI CjLiJl ^j- ' mill 3^lj-aJI (_yoJi • ^jl ^ n H ^ jJ^uiVI (jl I k~i_i1 Sj^iJI 

V microtubules <jjj^-JI ^^LiVI 5^ .A <}lla <iilJjj ^i^l^UI jjsl^JI 

La£) 1 la-ajJI (j-e ^ jJI jl a j| jl^.A^L (jj^J dli <<iiiaJI ^-Sj .«La^oJ <jf£-aj 

«u t <(~i » II I i jJ j-i j ii II ^ *•>! j V jl o pI_1j <i U ^ "'j ft i n" (j^ />j 

<ljj jjt.^n II o^Luo^il «[ ... a j a II iijaUl 1 iAjj ( <^juJ^i\ neurophysiology 

^jX 2 ia-ojJI ^j-a LJ -C ^Jl jL^jV LdjJ jl mi II jijj <<-Ajl * aj< II if j H a fl || j J ) ,n ^iJI 

Laj^La (j^l (jl Jj V Lpl (jjjilAJ Of^' <^J^ Uj-^. >i-Sl IsLajl LfJ ^jJLlI _ 
J oo lll (jut ^^1 -> n 1 1 j^-aj (^jJI La I gl im"*sI Lf A 4 i» in < La^_a j^JJ jjjlcj .^Ajil 

(jiaj V ^ jJI Lia j .<lvL J <c\£*L J (jti jt ,<Luj ^1 2 type 2 emulator 



<(j-LiJ Ijjj " 1 1 a j ^jt <QL^-oLj ^yxjjJ «Ql (jia-i jl <<-Lx_Li Jjl 1 In n 'i II (j-o ^^£1 -i n 1 1 
oiju^yi i_SjJLij <jJ Lul ^fi I *>1 <jJ^i V 1 tin'il l ^jja 1 *1 mS'i Lul La£ 

liMJal ((^jJJ jLaia.1 jki._>JI ^jJx. <Gl JjjLi IjL^Lklj 

0 a jl il i^j-jLjLaJI (j-o ^'nm 'dj^~ "' a a M '-^ 4-iLaX. (jl .dILaJj jl_a_jj 

t^^Jjlall ^j-tjJI (j-iJ ^JJJ-S-LI jji. i , jl m^" ml iti.^j in t ^ i U IL)j jJI <JLAjIa 

iUj^jl Lut jl < ^»j >KI I >ll Jlo <( _y^.l^lll jjjls. (>> .j^ ^1 •»!-» i^ VI ^ jJI 

tjL*o jl 0 I ilVi <jj (jjjJI jjj l-i»jJI iLijiiJI jlfi Lajjj .ldj| 4 Q*i jj jj"kJ li j in <g Inl in 1 1 
C^K JLJI jQxLaJl JL-^U J ^ j! l*i\< njj .1*1 m«*i1 (jjaj <j_>HI dll j^A 

^1 j tllcl 'it-, 1^,1 cij£ ^1 non-beings oLul£}lll \1a JjI^j <^ >d1 <_i5^U.VI 

■"• ' ■ I 131 <„i_aLa jJ-oLi-o ^ ° l~ (j-S J <Cj_$aJI ^j-S L^-Sjii d , ^1 ■*- .j < (jJ^aJLi djjj 
jjjal*i J[ (jli-ol < I n t . AI L Ld_JjLaJ*Jj LjJ I *i-*J ml' m l ^l^-al ^ij ^jja^L 

nil <jl!i**)L*LxJI jj^i^ij j> o JjLlS jl (jjjjjill (j i*sl ^> n II (j ft i<-> ^jLaj^Ll <Loiaj| 
iijjiJI djl mil JaLajl 4j£jJI CjUjI^^LII 6JJk ^jl JLoI^.1 ^ j a j 

< ( _ j -ajl iti~ jlx^ol JJ«-i - <j-mlxeJ1 CjIc-I^^V I J a ^jlj <<L*_iTLo ^ j ■**■ 1 II jU 

t^^^JJ <LlA <^,JJJ ■ jl (j 1*S (J-^ J ' H A * "~ ' <_$-^' J W ■ jjJjULl (jjjljlj (j^J 

.Gulliver jlJLc. ^. yL Sjjj^. <La.jJ j J^- 6 



LaJkj (LjjJI Li^jj ^j^l I4JL0 ("jLjjI iaJJ ■ ji 1 » II ^ <J j^JLaJI £ jLajJI ^1 Ci5jlaj aSj 
CjLjI m-> II £_a J-al »~ II ^^Jx. 5jjJ5 t j-o 4_i jiMt La 0 >, .j ...I ^ II jjjj ^jl 



(jJI - Lfia.j JjL^j jvJa - JjK*>H lijL*JL»l ^1 ^Jjj <<i-4 j-dl <jjjjJI 

t^j-il lift i< ojl Mi •LSj.jJoj Jfilll II* I VU»" ml La Ijlj .<UU*JI Cil ■)! — tl 

<jt (j 1 jj-a V J-i i(jVI j»-4jjJ-Laj £-j_ual ^jjjJI ic-LaJjull dr I U" ...I j^JO <-jV J-j'j 
LIjj ml -\ LfrlsJLa-e c- j^JJL <Lo <jjJoj 1 1 <J-iLi j-tr. <JjLa-a «La II » e 

^jjl <oVjl » n 1 1 (jj^tf L)' U*^".' *Lit jjVI (j) I ''Vs o I j) .1 o">l \ i A" 9 n J > LaJj j 

<-ilftdJL> ,_)! ,<-.'> VI 

iojJLaJI ^ iA^jJI ^-a i^jjjl (j^ij OfjLfc lt"^ fUj-lC 1 (j K j^JjC Luj^i ^ 
,<LojJa£. L^jI j^-lc D <lnJiLui.n II ^ula-aJI Cj^>1=u LajV 

* 

Cxiji\ (j-S i.J -> II JjaJ (jJI LaJj JLii ;.,flrl iAn lift jlajajl (jil 

$ £-aj 'Jim's II j_A liA .!}Ll3 J^a. Jjjj ^IjK'iII J^JI jLajl <fi (j£~4J 

^jli CjIjj >»">,!! oljJLaa. ULiu (^jjJI LlJ mi^U aLcJ-a ljj& 

6Uv.ll J^JI ^1 ^^JUU :J^1 ^tUI >iJ .^IoaVI jJUl ^VL ^ liA 
^(j Li LiiL ilcjVI I *iV\ ft_> i^LlaJS ^jlfc a .f 0 < II Ljj»jj ji 

Ljj ^jj'i'il ^ ill (jjjjJaJI 3 i »t » >" Mil <1j 1 nil 5^-?" J U"° < < t-^->Illl 

ajj-JI <LLua_L! ■ . a ■» m*sI i_jl » j"> ml dl i d 4 <<Ljjj£. «( j"i> j-^. ^jj Laj-lc j . J^JI ^1 

L«!iLi. ,U\ M.nll jj-s 4 ? _.VJI jjL ^» mi'. V LliV .4 -vjTi II j (<JjLslaJI) 

<LjLi iiiilj ^ J -S jU-s S jlaa JjaJJ ^ I ' I a " II (jLtLiVI (j-lfc J- a . x j l.nj *i f Lijj-* nil 

t ****** 
tiZi a j) II jj_j-o ^-o j ( J-a. ^ If. (Jj) i ^ II j^J-C- J ' f <-i JJX. j ^ i"i*> ^^i-ll J uaiJ 

6 j-A J » ' La j .4-iJJjlJI ■! II (Jj ckHj ^jljJa ^ I f. jjjlj j (J^ljJua ^LijjLj j < .To 

(j! £_1LxaJI |»_^>ll (j-fij (jVI o^-OJ LT^' Sjj n"i o II iJLj^Ja-ll ^ OljIj C)LI uia II 

(Jl n -v <Jjj (Jl t" 'VI j-La.^)-a Ui in « ^—S 1 >ll-^ J-a. (J^-j J • J-^-H ^>o_)JlJ LjXajG-m-l 

.<ISL| j ^jj^LJI JaJI Sj>^si JLa^a. ^1 iAlSLl j ^IjUlll JiJI 

.jj~> II j (j^s^^^JI jjji ^>J^ jji <j«-a J-oUlJI ■ La-J ^5 111 dl j jJk (^IjJI JLtljVI 

? J . ^ » 

(j-A jJI i i<auj CiVLa. ^-S <|\ !■» II i_jIjSJI £_ualjj> 6AC. ^^-S CjjSj j 

Lajlj J t-i" mi Vnln i ijLaJj «LajLs <j >j a " II jj-ft j j^-uujjJI ijiuaji dxiLS ^jJI j n in II 

jjl ^1 idJj ^ Ls\ mil j i>a-jj <(^jill j»ic) L^^Jj^o^ujiJI ^ jUaiJI jLk 



jj£ Sjusj L Ac z >j La a SjJJ dllaj Ljjl ((^jjkl LjLuaJij (Ltjj^ IjOS <JJ I In ft II <LaLkU 

VI j ft I j " a . jLjjVI ^ ■ j '' 6 J a II j _ s _s oJjjl jJsj .LLiLuj Ijjj^.j_o jl£ j-j j 

I ' ■ ' J " jl i" -yM I iLLl J_l£. JOJJ jLljIV) ^ If. 

jl -> '> II t\ j^J (jit SjaUI JLaj»l Lr it JJ5VI ^J-c <jLjl J*i Ijj Lai 

Vj <j»JaJI jLLj ^jLk jl _M I <LLLll jji- CjLjJilll «-< n-> J^?^' J-* I ft M-kl 

CjLjjJaj ,j_* (^1 J-J_a A \ \ I -\ II j^JI jj im'i Lf-i! (j-Lt J '> tj La I fl *t ft J^.^-J 

^ s s £ s 

6JlA (jl jjJI I j ■ ui a La i^aLj jj L lie, ^ j n~i| i t ~\ "i jj li-Aj .^jujll UjU mjl 

j^j-S S ji-LlI dLLj_> ^juLlJI joaj i'I in ft" I t^jUILjj .1 n If O i ii J I J <i'\ ft J pi UI mi 't 

j_a JjAj Laij .^j.Ull ^UliVI j£Jj 

jSlaJ V ^l <CjLjJii!l <Ui Jjl»j jl CS^' laJI (jJI g-^Ai jJaJI jljicl 

J "i ^ d U djj^a. Ij| I '\ *s ftj ,jj -» j jiJj I'La— t-a i<~i <!()"-> (j-a (j < "i II 

jL ^il jl^VI jS^ uii .jUjVI fJLxJI jL iL^j ,<1^L.VI ol nj... ? 1l 

iZAaC <i-J^>Ja jl rijjjA-a <ijj]a Jja.j jji f^J^ i_g^ '<Jj^ki iitj^A* I4J 

jLS I a J \ f L^jJj-a i_Lsj^aJI IjJk Jj-a (jj^- 4 (j' (j^ ft ft II j-a JjL^J .1-Ajl >" ~> V 
CjI 1 At! "i"> II Ci^iljLa _ jVI I (MjjJi <1aJ.»JI i_ijL»-aJI ^ iiil j.iVI ^ hi a II 

< jiij ( JjjLi d3 _ <JjjJl_aJI (JjLLaJI j-o j j I I jjJjJI 5jjja.jjJ ja£ oalUI 

ia.V <AJ-^I L II C ^Jjj jVlj .jLlLL^U iLLiJI jjiC. ijjialJI Jlo <lcjjjila 

LUlt IjLi .jjaJI 

»^ ft U II jj U" II <_aLE_i| jj<j di sLiij !_i ^ j ^jJI (j-ajJI jLi _ dJj !_< I Uj J 

SjiiJI 6J^J jjI -La. JJ ili (j-iLJLjj fCilj ml inVI . al ,^.".<l jx. i_&Slll ^iui 
.iLijUl (jui'i 1 <jjJI <jj-%" II jLuaIik.1 (_gj-^ 1 VI (j-^j** * ' 1-1 »*•> <|> I» H j ■ 

<L^.jj << I n-i j-lc '1 1 n j li-Aj (((jJ-S-^lJI <J-1jLS)) pll-l 1/-. n II Ci I ml J.SJ 

j^ (>a «Gl UaLLa ^pJlj ,K. Popper jjjj JjLS L^coj! ^pJI 5 jjo .t.ft ll jiLlll 

o r - r ^ * 

jjSli jl I'ljlf jSU t4 ft K 1 1 jji^-N ^yjjL-JL CjLjiijJI j-a JiaJLlI LS^Uol j^ajJI 
ijj-aJl j j j i_) ■> s 4jl fe\ . A j ft I f , oLij-la-j Cj j _i " f I I jl I j /A ~> J c*-^ <j-'J J ^ 
(jA^iil JjL2 *^ * LjiaJI pLUjVI .iijlj <jj k *i II jl oUjL jlaj-aJI Lj-a.j jji ^~ » ..." 



«.L_iVI ^jlt oUdj^ UJ .(ji^JJ iLli i^UJI <L mill .1 J uaUl 

precession & jjUo Ui* <9 J jll ^ UJ jj U£ t <Lilll ^L^VI <-> ji 
.iiLUII ^LL^il 

.UjljJI <S _>aJI CiVI J>=>-J Ifl'tn iA ^ C»Ucljj U^J <<j«a^lJJ Jj^li 

' * - »* i * * 

Ci "ij I L^j| (j^aj'ti'il ^fD .Ij i-k <ijjL-<JI oljj t \" II la^k. Jj-LS joc I LfJj 

4 1 '1 J 1 j <4 \ ml 111VI Cull ^jiJI j»_t-S ^ 1 i> IJ tj 1 ml ■■■V^ Cil n > mi~> 1 1 <-Sjj-*_aJI Jjl's.ll 
(j-^-v^ll <Lli 4^jh'ill dJj (jj^J t>J -C£j-^ <J>aJi Ulka £ jISj V I (| 'i^ I <<jl£ojJI 

t jj>*^'' <" LjjI ^^-s i-I 1 til Ljlj i^jiJJ 4 1 ml inVI cj! 1 i«"il ~> II j^u^ 1 Cjt-jjj L<j-»^ 

. (j m 1. i A\ jUkj^U I J j -s n" Ui_tojJ jfl" 111" hi UjIj in CijlS Uit £>jLLo Llj 

e J <fi J J 

J * **" I 1 Ci LftAJ Uil J <g-^ UJ 4->J U\ CiA m^j I j| iLaiaJI 4 I ftJU ill ^ jJI Lo <(£j^ 

<dJj t jX. 4 ^ <yj (^aJtjJI ^.jix-uj ^(jj^ I ^ <-flj^>JL_iJ! CjI j ^ II ^ J a-^J 

I'fl; (j j I i 111 't /> j> 0 U a j ■■■ ljj» 5^ -<J f 'l j '' II h '1 II & ,_\ tft |"ll ) * t 1 fll .T.'C \ ■ i.l A 

(j-iiLfl Jj^^ * nZlij XjI .X ^ It j|j ail <Ja_»j_tii <uXjVI ^1 ^j-^ij-qJI 

4_ijl mil L^-jLa^I-IJ J < J-iJ il4 j^o jjV <5jjLd-lJI <-i^h\|| i>||~i| ^lUI ^,1 m'l^l ^yic 
<djJj1 (jj)^J 'UJ .(10 J ■^all^ j»^j|jbj| <LJjLa (jj^'v in jjjjJkl^jJt (Jj-o jjijjJ 

f-A j Jj-UI Jlj-ta (jj Ui <j"> 111 o <(^jl jJI ^La^uijVI Jj-o J.LUL (jjjt in J V (2>JjJI 

^ ^ ^ 

J,j j . m"i< j jij .Soj_>ij a Jj ~>j <-ol j '1 II ij^lijJI (jl CiLjjI <JI ,,il (^Jj^i-i 

• - S * ^ t . & * i 

JjiJ <CjM lA'iiVI (jjiij L^Jj (QiS 4_LLla ft Laj^Uo jJuj fy-i J^-l 

Ui^J' OL^f L> U^-J < j <<* jl *i ft II j->j k '1 1 1 I \ <A>Ljj 4 fl tl Jr>.A tJL?^* (Jj^ 

.fi*JI jjb (dJa CxLc V j .^Vl ^^Ia. ^yiL* jl^ Lie 11K liilai ft 



,-■ I ■ A. a 1 1 J . ... I I 'J ~j >-> II «. I« II ajj ;*N J-SJ i j-4 jjj tLuijjjlfl 

( jt > t\ a'lll > ir.i'sl <J« II j>j-jJI <l * j ;"j — n^H j-a 

I **"! j -I * "II <- j -I *' 



.■•-«■ II «■ If I jLia^JI I LiAjJjftm^JI I j>J n'Z II 



■» ■»_.IUII ."<ll 4 jj» J i_(L»*yl .A_S_J-OjJ> 4_»_<JLc a j fl nil 

^jlc ^Jit (>> _>^t jj_^> J*j .pJUJI pL^il j^j^?. ^ oVI j^la. 
i A j pI j mi VI ^ji. ^jJc Aj_,ji ^ 5 jiJI 4JUa .1 q <jl L> 

OS j ij-jj^sjJI j^j-o o^>"> J-ii J^Lj — 5 ->5-» nil ^ALLall 4_i^Li. — 
■ «■ -~ j) (_5jL«JI [jjLsJI ^yll 4_$_a.^oll A_il£ 4_iA j^JI a.ift dj_>> 
J " I 4_jl_j «JjliJI» 4jl ^ic ill i.-j^ll a lA OaJ J jl ""J j 

.1 jajLij Z-Lal l.anf AjLiJj-c jjSI jVl wULJ <[ J) J Ij II C. 




|« I ll"»Vl Irft II J j_J> jj 1 "l 

■ j *i ft j II jj 1 1 1 Li. j-iJ ^hmjJI 
JJt-l 4 V'j c» i^"*"" 

^Ij idJlij ^ylfc (j^5 



.Luij j3-Li-i jkjJjUl j-^jl-j 
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